* | 
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Fundamentals of 
Ferromagnetism 








CELENAMEL* 
Magnet Wire 


105C (Class A), Solderable Cellulose acetate 





Engineered Wire for Engineered Products 
Supported by Complete Factory Stocks 


1. SOLDERABLE at low temperatures (700 F)—No acid stripping—No 
brushing, or broken leads. 


2. Most uniform diameters from spool to spool of any film-coated wires 
. Outstanding electrical properties —continuity of film (mercury test)— 
voltage breakdown. 
. Type 1 particularly suitable for paper section coils— 
Type 2 for random-wound coils. 


. Extremely close bare wire and film tolerances—uniformly 
accurate coil resistances. 


Other Magnet Wires— For Every Requirement 


105C (Class A), oleoresinous, P. E.—BELDENAMEL* 

180C-130C-105C (Classes H, B, and A)—SQUARES & RECTANGULARS 
105C (Class A), Vinyl Acetal-Nylon—NYLCLAD* 

130C (Class B), Polyester—BELDTHERM 

105C (Class A), solderable Polyurethane —BELDSOL* 





*Belden Trademark 
Reg. U.S. Pat. Off. 





One Wire Source for 
Everything Electrical and Electronic 


Belden FY, 


WIREMAKER FOR INDUSTRY 
SINCE 1902 


Aa 


CHICAGO 


Magnet Wire © Lead Wire * Power Supply Cords, 
Cord Sets and Portable Cord © Aircraft Wires 


C4 ; 
é 4 


Electrical Household Cords © Electronic Wires 


“Z 4 Zz “<_ Welding Cable * Automotive Wire and Cable 
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CASE 111STORIES 


Frequency Time Standard 
instruments, selected by 
Smithsonian Institute to 
clock satellites, are 
equipped with New 
Departure _ultra- precise 
ball bearings. 


Photos: Courtesy Ernst Norman Laboratories 
and Bodine Electric Co. 


Ultra Precise Ba// Bearings 
Help ‘Clock”“A Sarellite / 


CUSTOMER PROBLEM: 


Require ultra-precise bearing design for Bodine 
electric motor used in satellite-tracking micro- 
clock. Bearings must provide uniformly low 
starting torque, precise location of rotor shaft 
and minimum maintenance, to help mechanism 
achieve time determinations to 0.001 second. 


SOLUTION: 


N/D Sales Engineers studied special bearing 
requirements, and recommended New Depar- 
ture ultra-precise ball bearings. These ball 
bearings measured up to every requirement for 
micro-clock motors . . . thanks to New Depar- 
ture’s advanced equipment for research, devel- 


f 


DIVISION OF GENERAL 


MOTORS, 


opment and production. N/D equipped micro- 
clocks, selected by the Smithsonian Institute, 
are operating in a dozen locations around the 
world right now, keeping track of vital satellite 
movements to accuracies of one milli- 
second and better! 


If you’re manufacturing or designing electric 
motors for any high precision applications, 
including instruments, why not call on New 
Departure? N/D engineering and _ research 
facilities are turning out the latest in high 
precision instrument ball bearings and 
advanced ball bearing designs. For more 
information write Department L-3. 
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BRISTOL, CONN. 


NOTHING ROLLS 4/KE A BALL 


Circle 103 on page 17 





Combine your motor and speed reducer in one unit 
Save space... eliminate cumbersome belts, chains, gears 
Reduce design and installation time 


with BODINE 
SPEED REDUCER MOTORS 


Bodine manufactures the world’s most complete line of speed reducer motors 
in the sub-fractional horsepower range. Speeds down to 0.6 rpm. Torques 
up to 350 in. Ibs. Here’s part of the Bodine Speed Reducer Motor line: 


, «Single or double reduction reducer for trans- 
mitting low torques over a wide range of speeds. 
The worm is of long wearing nitralloy steel (ex- 
cept for low-powered V-10R and NSP-11R); 
the gear of laminated bakelite, giving quietness 
and durability. Motor shaft equipped with boll 
or sleeve bearings. Speeds from 833 to 1.5 rpm. 
Torques 12.8 in. oz. to 8 in. Ibs. 


,.. Single reduction, right angle worm gear re- 
ducer designed for transmitting moderate torques, 
Separable hardened and ground steel worm. 
driven by keyway on end. Laminated bakelite 
geor on steel hub gives maximum wear and quiet- 
ness. Speeds from 500 to 29 rpm. Torques 4.5 
to 21 in. Ibs. 


. sturdy, single reduction, right angle worm 
gear reducer, capable of transmitting substantial 
torques. It has a separable hardened and ground 
steel worm. Gears of laminated bakelite or hard 
gear bronze, depending on torque delivered. 
Grease is used with all bakelite gears; oil with 
bronze gears. Speeds from 500 to 29 rpm. 
Torques 11 to 73 in. Ibs. 


... double-worm-gear speed reducer to deliver 
moderate torques at low speeds. Both primary 
and secondary worms are of nitralloy steel. Lami- 
nated bakelite primary gear assures long wear 
and quietness; the hard bronze secondary gear 
carries substantial torque loads. Speeds from 83 
to 1.6 rpm. Torques 13 to 52 in. Ibs. 


= 


... double worm gear reducer for transmitting 
high torques at low speeds. Worms accurately 
ground from hardened steel; bakelite primary 
gear assures quietness; hard bronze secondary 
gear provides long life. Speeds from 24 to 5.7 
rpm. Torques 88 to 219 in. Ibs. 


...heavy duty reducer for driving heavy loads 
continuously with an ample reserve for overloads. 
Separable steel worms are hardened and ground 
to size. Gear bronze, selected for strength, is cut 


by special hobs to close tolerances. Speeds from 
173 to 36 rpm. Torques 50 to 198 in. lbs. 


Write for technical bulletin 10228. Twelve pages of facts ond figures 
... 33 photos, drawings, curves, and tables tell the complete story of 
Bodine Worm Gear Speed Reducer Motors. For details of smaller 
Bodine spur-gear speed reducer motors, ask for bulletin 1023. 


BODINE ELECTRIC CO., 2506 W. BRADLEY PL., CHICAGO 18 


i=1o)2) INI 


fractional f heuienane 


MOTORS 


..-the power behind the leading products 
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How to make 
motors last 
longer 


Fractional horsepower 
electric motors, given 
proper maintenance, will 
operate without trouble 
for long periods of time. 
Here are a few mainte- 
nance suggestions: 


Check internal switches. 
While internal switches 
usually give little trouble, 
regular attention will 
make them last even 
longer. Use fine sandpaper 
to clean contacts. Be sure 
sliding member on shaft 
moves freely. Check for 
loose screws. 


Watch alignment. A motor 
shaft which is out of line 
with its load will cause 
the shaft and bearing to 
wear rapidly, sometimes 
damaging the driven ma- 
chine. 


Provide adequate wiring. 
Be sure that wire of prop- 
er size is used to feed elec- 
trical power to your 
motor. If necessary re- 
place wire. It will prevent 
overheating, reduce your 
electric power cost, and 
in many instances prevent 
future breakdown. 


Provide adequate lubrica- 
tion. Remember, a motor 
running three times as 
much as usual will need 
three times as much at- 
tention to lubrication. 
Provide enough oil, but 
don’t drown your motor. 
See manufacturer’s rec- 
ommendations. 

Watch future Bodine 
ads for more maintenance 
tips. 


Free chart tells 
how to locate 
motor troubles 


“Common Motor Trou- 
bles and Their Causes’”’ is 
the title of a 1-page bulle- 
tin and chart which will 
help you diagnose ail- 
ments of small motors. It 
lists troubles and proba- 
ble causes. Copies are 
available on request. 
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ANNOUNCING... 


a major advance in 
electronic insulation 





NEW 


SUPRAMICA G20 
rox =) =I paleo) eo)}t-t-jile 


... the world’s most 
nearly perfect 





machinable insulation 


Check This Exclusive Combination of Design Advantages: 





1550°F maximum operating temperature. : ec 

@ Fully machinable to one ten-thousandth of an inch a Al Dit ciation 
tolerances, yet capable of total dimensional stability : Sagar - 
under the most adverse conditions of thermal cycling. 


Impervious to humidity, water, oil, organic solvents. 
Resistant to nuclear radiation. 


High dielectric strength—250 volts/mil. 
ASTM test procedure D-149. 


Excellent arc resistance—300 seconds. 
ASTM test procedure D-495. 
Will not carbonize. 


Negligible electrical loss—.011 loss factor, 10°CPS. 
ASTM test procedure D-150. 


Thermal expansion coefficient equal to that of 
stainless steel enabling matched seals using 
appropriate solder glass. 


General Offices and Plant: \23-A Clifton Blvd., Clifton, N. J. MYC Al E xX 
Executive Offices: 30 Rockefeller Plaza, New York 20, N.Y. 


CORPORATION OF AMERICA 











WORLD'S LARGEST MANUFACTURER OF GLASS-BONDED MICA AND CERAMOPLASTIC PRODUCTS 
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SUPRAMICA 555 
ceramoplastic 


the world’s most nearly perfect 
precision-moldable electronic insulation 








SEE 
MYCALEX products 


at Booth 2741-2743 
1959 IRE, New York Coliseum 











Y% actual size 


gives AVCO twice the channel capacity 
... in far less space! 





This amazingly compact AVCO oscillator circuit, built for a Signal Corps radio 
receiver . . . 32.5-57.5 mc . . . was made possible by the insulating qualities of its 
SUPRAMICA ceramoplastic base. 

Over a temperature range, in this application, from —67°F to +167°F and, in 
other uses, at operating temperatures as high as 700°F, SUPRAMICA 555 shows no 
change, no warpage. It has complete dimensional stability. The fragile silver ribbon 
circuit is molded precisely and permanently in place. Numerous tuning crystals— 
and their problems—are eliminated. Frequency drift is reduced to an absolute 
minimum. Channel capacity is doubled. 

Other advantages of SUPRAMICA 555: the base can be reproduced exactly; 
electrical loss is negligible; moisture absorption is nil; dielectric strength is high. 

Mycalex Corporation of America makes a complete line of precision-moldable 
and machinable glass-bonded mica and ceramoplastic insulation materials to solve 
electronic design problems at operating temperatures up to 1550°F. To learn how 
we can serve you, write foday. 


General Offices and Plant : 123-A Clifton Blvd., Clifton, N. J. 
Executive Offices: 30 Rockefeller Plaza, New York 20, N.Y. 


WORLD'S LARGEST MANUFACTURER OF GLASS-BONDED MICA AND CERAMOPLASTIC PRODUCTS 
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In This issue 
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Design Considerations 
Packaging, Electronic 
Minioturization 


Your Classification: 


, Micro-Module Design Progress 


Significant accomplishments in the Army micro-module pro 
gram by RCA and other participants. Major achievements 
described include establishment and refinements of system 
design including module standards and basic methods of 
assembly. Preliminary micro-elements, modules and assem 
blies are illustrated 


Paul G. Jacobs, Evectrica, Manuracturtnc, New York, N. ¥ 
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Materials, Electrical / Electronic 
Magnetic Materials 

Motors 
Special 


Your Classification: 


Hysteresis Torque Limits Lifted 
With New Magnetic Alloy 


The magnetic and physical properties of a new carbon-free 
magnet alloy are detailed and compared with other alloys, 
specifically in relation to use in hysteresis torque devices. 
Data curves and tables support the analytical discussions. 


J. C. Betts, Magnetic Materials Section, General Electric Co., 
Kdmore, Mich. 
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Components, Electrical Electronic 
Resistors 

Testing 
Components 


Your Classification: 


Realistic Temperature-Power Derating 
Requirements for Carbon-Composition 
Resistors 


rhe results of a Signal Corps-sponsored program to develop 
more realistic derating curves for carbon-composition — re- 
sistors. Two methods have been developed for the component 
application engineer. The first method shows degradation of 
the resistor at high temperature in terms of the deviation 
of the resistance from the initial value as a function of load 
for a life of 2000 hr; the second indicates derating require- 
ments for a maximum of 20 per cent resistance deviation from 
normal during 2000-hr life. 


J. L. Easterday and H. Braner, Battelle Memorial Institute, 
Columbus, Ohio 
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Control 


Your Classification: 
Case History 


Copying Lathe Programmed 
By Stepping Switches 


The roughing cuts on a Fischer lathe operation are controlled 
by information set into an automatic control system on selec- 
tor switches. A description of the transfer of this numerical 
information from the selector switches to the control of the 
machine through stepping switches. 


R. T. Fenn, New Britain Machine Co., New Britain, Conn 
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Components, Electrical, Electronic 
Magnetic Components 


Your Classification: 


Electromagnet Copper-to-lron Ratio 
For Optimal Design 


The magnetic circuit and winding of an electromagnet are 
analyzed in detail, with emphasis on the key factors of 
temperature rise and copper-to-iron ratio. A typical electro 
magnet design is presented. 


[. Lindstrom, Westinghouse Electric Corp., Baltimore, Md 
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Materials, Electrical / Electronic 
Electrical Insulation and Dielectrics 
Testing 
Materials 


Your Classification: 


Functional Evaluation of Motorette 
Insulation Systems 


Thirteen motorette insulation systems (classes A, B and H) 
have been evaluated by the U.S. Naval Research Laboratory 
as a basis for design of Bureau of Ships motors. Test data 
are presented and analyzed covering aging characteristics 
and system life. 


E. L. Braneato and L. M. Johnson, U. S. Naval Research 
Laboratory; and H. P. Walker, Bureau of Ships, Washington, 
ee os 
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Design Considerations 
Nuclear Radiation Effects 
Materials, Electrical / Electronic 
Magnetic Materials 
Conductor Materials 


Your Classification: 


Behavior of Semiconductor and 
Magnetic Materials in Radiation 
Environment 


Theoretical and experimental behavior of several semi-con- 
ductor and magnetic materials under irradiation. Charts and 
graphs are presented to illustrate results obtained under spe 
cific environmental conditions. Techniques and _ procedures. 
with illustrative data, for minimizing and using radiation ef 
fects are also presented. 


A. Boltax, Nuclear Metals, Inc., Cambridge, Mass 
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Basic Science and Engineering Your Classification: 


Physics 
Materials, Electrical / Electronic 
Magnetic Materials 


* Fundamentals of Ferromagnetism 


This new approach to the study of magnetism is derived 
from modern solid-state physics and uses the interactions of 
electrons to explain the basic types of magnetic “motion” 
(uniform rotation of magnetization, curling and domain wall 
movement) and the properties of soft magnetic alloys, ferrites 
and permanent magnet materials, 


A. Arrott and J E. Goldman, Ford Motor Co., Dearborn, 
Mich 
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Design Considerations 
Component Design Factors 


Your Classification: 


Delay Line Design Nomogram 


For lumped-parameter delay lines the various limiting design 
factors may be conveniently established as a nomogram, which 
is presented. An example clarifies the use of the design 
method. 


S. D. Coleman, Jr., Westinghouse Electric Corp., Baltimore, 


Md 
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Design Considerations 
Maintainability 
Reliability 


Your Classification: 


Dependability of Military Equipment: 
a Systems Approach 


System design considerations are analyzed as they influence 
overall equipment dependability or readiness. Dependability is 
distinguished from, but includes, reliability and maintain 
ability 


J. G. Wohl, Senior Systems Engineer, Dunlap and Associates, 
Inc., Stamford, Conn. 
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Control 


Your Classification: 
Systems and Servos 


Missile Control ‘Bread Board” Trainers 


\ brief description is presented of a magnetic-tape-controlled 
programming system for use in training missile control tech 
nicians and engineers. The flight control computer trainer 
for the Jupiter missile is illustrated 


L. Stolerow, Century-Detroit, Detroit, 
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COMING UP .. 


The fourth article in ELeerrican MANUFACTURING’S series in 
Basic Science and Engineering will cover Heat Flow Theory. 
It will discuss the three basic modes of heat transfer (conduc 
tion, convection and radiation) and derive some of the em 
pirical equations used in heat-transfer problems. Also in 
April will be a Staff Report on Electrohydraulic Servo 
Valves and the first installment of a new series on Automatic 
Control System Design. Other titles: Overcurrent Pro- 
tection of Semiconductor Rectifiers, Ferroresonant Relay 
and Control System, Laminated Thermosetting Plastics, 
R-F Measurement on Ferrites, Hard Anodized Aluminum, 
Load Control Systems, and Approval of UL Standards as 
American Standards. 








FOR ALL 
"HERMETICALLY SEALED TO MIL-T-27A & wi-re27 FROM STOCK 


INTERSTAGE AND LINE FILTERS 


STOCK TYPES 
(number in figure is cycles) 


- BMI-10000 — LMI-800 
é HMI-200 LMI-1000 
- ? HMI-400 
: HMI-500 . 
: Ba HM1-800 . 
d a | . HMI-1000 
V\\e\\ sy - HMI-2000 


BMI-5000 


This standardized group of filters covers most popular filter applications and frequencies. Units are in 
compact, drawn, magnetic shielding cases 1¥ie x 1'“%e base, 156 high for BMI, LMI, BML; others 242 
high. There are six basic types 

BMI band pass units are 10K input, output to grid 2:1 gain. Attenuation is approximately 2 db at 3 
from center frequen y, then 40 db per octave 

‘HMI | high pass units are 10K in and ou 
at .67 cut-off frequency 

LMI | on pass units are 10K in and ou 
at 1.5 cut-off frequency 

HML high pass filters are same as HMI b 

LML low pass filters are same as LMI but 

BML band pass units are same as BMI but 


STOCK TYFES 
(number in figure is KC) 


TMN-2.3 TMN-14.5 
TMN-3.0 TMN-22 
TMN-3.8 TMN-30 
TMN-5.4 TMN-40 
TMN-7.35 TMN-52.5 
TMN-10.5 TMN-70 


UTC standard telemetering filters provide extreme miniaturization with maximum stability, a complete 
set of 18 filters taking cubic inches. They are 100K in and out and have an insertion loss of less than 
oi iewl 6 db, 4 pin header for small Winchester socket 
i TA i TMN units are within 3 db at = 7.5% of center frequency ...down more than 18 db at + 25% 
more than 40 db beyond 1.75 and .58 center frequency 
ag agi 2 teehee et th, a 1% inches TMW are within 3 db at + 15% of center frequency ... down more than 20 at + 50% more than 
Weigdt 3.5 oz Weight 1.2 oz 40 db beyond 2.5 and .4 center frequency 


UTC TELEGRAPH TONE CHANNEL FILTERS STOCK TYPES 


(number in figure is cycles 


RECEIVING 


TGR-425 TGR-1785 
TGR-595 TGR-1955 
TGR-765 TGR-2125 
TGR-935 TGR-2295 
TGR-1105 TGR-2465 
TGR-1275 TGR-2635 
TGR-1445 TGR-2805 
TGR-1615 TGR-2975 


TRANSMITTING 


These band pass filters for multiplex transmitting and receiving provide maximum stability in miniature TGT-425 TGT-1785 

TGT-595 TGT-1955 TGT CASE 

sizes. Both receiving and transmitting types are 600 ohms in and out, and employ 7 terminal header for 1GT-765 161-2125 

sub-miniature 7 pin socket TGT-935 TGT-2295 1%2 x 1% x 2% in. 802. 
TGR receiving filters are within 3 db at + 42.5 cycles from center frequency down more than 30 db TGT-1105 TGT-2465 TGR CASE 

at = 170 cycles... down more than 15 db at adjacent channel cross-over TGT-1275 TGT-2635 . i 
TGT transmitting filters are within 3 db at + 42.5 cycles from center frequency... down more than cranes cranes 12 x 1¥2 x 4Y% in. 15 02 

16 db at = 170 cycles down more than 7.5 db at adjacent channel cross-over 


And Special Units to UNITED TRANSFORMER CORP. 


Varick Street, New York 13, N. Y. 


Your Specifications PACIFIC ure. DIVISION: 4008 W. JEFFERSON BLVD., LOS ANGELES 16, CALIF. ; 
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16,.N. Y. © CABLES: “ARLAB™ 
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Ultrafine-Particle 
Aluminum Powder 


Powder metallurgy offers an important 
potential outlet for the use of ultrafine 
metal powders being developed by the 
National Research Corporation, Cam- 
bridge, Mass. Average diameter of par- 
ticles of aluminum powder already 
available in experimental quantities is 
0.03 micron, in contrast to a range of 
5 to 10 microns for conventional alum- 
inum powders. Ultrafine iron and nickel 
powders have also been produced. Man- 
ganese, copper, lead, zinc, gold and sil- 
ver powders in the same particle size 
range are seen as possible. The process 
employed is still under patent appli- 
cation; details have not been released. 

The availability of such ultrafine me- 
tal powders should offer the user of 
powder metallurgy parts a number of 
decided design and fabricating advan- 
tages. Particularly 
theoretical 


important is the 
possibility of 
parts of precisely fixed composition. 
It should be possible to mix ultrafine 
powders first to attain an alloy o 
stated characteristics and then to pre- 
form and sinter. The availability of 
ultrafine aluminum, nickel and_ iron 
powders may 


producing 


be particularly signifi- 
cant in the area of new magnetic ma- 
terials and electromagnetic devices. 


Radiation-Modified 
Fluorocarbons 


The use of nuclear radiation to modify 
the properties of polymer materials 
has been extended to fluorocarbon ma- 
terials, according to Radiation Appli- 
cations, Inc., New York, which is aff- 
liated with Schenley Industries, Inc. 
The company’s own cobalt-60 facilities 
are used to add bondability and sur- 
face-dye-acceptability to both unmodi- 
fied Teflon and Kel-F materials. 

The lack of bondability has always 
been a special characteristic of the 
fluorocarbon although — in 
some applications this “slipperiness” 


materials 


has been an advantage. In general. 
bondabilitv. when desired. has been at- 
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tained by post-fabrication techniques. 
Surface coloration has usually been a 
dithcult and expensive procedure re- 
quiring a mixture of pigment or dye 
with the molding compound. Modifica- 
tions of other polymeric materials by 
the new techniques (described as “ra- 
diation grafting”) are also underway. 


Gas Servo Device for 

Extreme Environments 

For applications where hydraulic ser- 
yvomechanisms are not desirable, a gas 
servo has been developed by General 
Electric’s Aircraft Accessory Turbine 
Department, West Lynn, Mass. Gas is 
used directly as the energy source. The 
servo is specifically designed for high 
temperature ambients such as are en- 





Combination Heating - Cooling - Light 
Source Wall Panel: The principle of 
thermoelectric heating and cooling has 
been combined with the principle of elec- 
troluminescence in the design of this 
full-size wall panel developed by West- 
inghouse Electric Corporation for poten- 
tial applications as a home heating-cool- 
ing-lighting unit. A set of 4 dial controls 
is used to change room temperature from 
55 to 120 F and to vary the intensity and 
color range of the light source over a 
wide spectrum, 


countered in space vehicles and super- 
sonic aircraft, or for high-intensity nu- 
clear-radiation areas. 

The device is basically a force servo 
feedback. 
\n energy source, the valve actuator, 
and a stabilization network comprise 
the major elements of the system. The 


with position and velocity 


device can be employed either as a hot 
or cold gas servo. Features include: 
high-frequency response through pres- 
sure-type control; electrically control- 
led damping; adjustable stiffness and 
accuracy characteristics without a 
change in hardware: poppet valves to 
minimize leakage and sensitivity to con- 
taminants; and a symmetrical design 
that lessens thermal shock problems. 


Ultrahigh Temperature 
Reinforced Ceramic 


First of a new family of reinforced 
(identified as Av- 
coite) for applications requiring dimen- 


ceramic materials 


sional stability at temperatures of 5000 
F and resistance to extreme thermal 
shock and gas erosion is announced by 
Aveo Research and Advanced Develop- 
ment Division. Wilmington. Mass. Rock- 
et components fabricated of this ma- 
terial have withstood temperatures of 
5000 F for test durations in excess of 
60 sec. 

Various reinforcements are utilized 
in the production of these ceramics but 
the actual compositions and methods 
of production have not been divulged. 
Essentially, however. the significant fea- 
ture of these materials is their ductile 
behavior under extreme conditions such 
as thermal shock. Where conventional 
ceramics (owing to inherent brittle 
ness) fail catastrophically., the Avcoite 
materials tend rather to deform. 


Unusual British 
Wattmeter Design 


Electromechanical. electro-optical and 
straight electronic techniques have been 
employed in a British wattmeter de 
signed by H. Tinsley and Company. 
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Ltd., London, to measure the product of 
two currents. Power measurements can 
be obtained by making one of the cur- 
rents proportional to a voltage (the 
voltage is connected across a standard 
resistor). 

e One current is fed to a pair of 
suspended coils; the other to two fixed 
pairs of coils lying above and below the 
suspended coils. The two coils in each 
of the pairs are located on opposite 
sides of the suspension wire. The coils 
are connected so that the currents pro- 
duce forces in the movable coils which 
tend to twist the suspension wire with 
a torque proportional to the product of 
the currents. 

@ The suspension wire also carries a 
mirror which reflects a spot of light be- 
tween two photocells. If currents in the 
coils twist the wire and suspended mir- 
ror, the spot of light is deflected to 
one photocell more than to the other. 
Any difference between the outputs 
from the photocells is amplified and fed 
to a second similar arrangement of 


‘Research Note 


fixed and movable coils. These coils 
are suspended on the same wire, and 
connected so that the produced torque 
cancels that due to currents in the first 
set of coils. 

e The square of the amplified cur- 
rent difference between the photocells 
gives a measure of the cancelling 
torque and, consequently, a measure of 
the product of the currents in the first 
set of coils. Use of a third set of coils 
permits differential measure- 
ments to be made. 

This method of measuring power has 
been described by Kaneff in Proceed- 
ings of the Institution of Electrical En- 
gineers, Part A, 1955, p 597. 


power 


International Standards 
in Plastics Materials 


International activity in the stand- 
ardization of plastics materials has 
shown impressive gains since 1951, the 
year that the International Standards 
Organization (ISO) Technical Com- 
mittee 61 on Plastics began to func- 
tion. The Eighth Annual Meeting of TC 
61 held in Washington, D. C., during 
November was attended by 56 dele- 
gates from 12 nations. Highlighting 
this meeting was the establishment of 
a new Working Group 9 on Specifica- 
tions whose purpose is to develop 


“specifications, based on current com- 
mercial practice as reflected in na- 
tional standards, for identification and 
quality control of plastics materials.” 
The successful accomplishment of this 
purpose will make it possible for the 
international plastics industry to op- 
erate with greater freedom, flexibility 
and assurance. 

e The areas of plastics standards 
that engage the attention of TC 61 are 
indicated by the titles of five new 
Draft ISO Recommendations, which 
were distributed to ISO member bodies 
for ballot at the closing plenary ses- 
sions: 

1. Standard Atmospheres for Condi- 

tioning and Testing Plastic Ma- 
terials, 
Melt Flow Index of Polyethylene 
and of Polyethylene Compounds, 
Recommended Practice for Com- 
pression Molding Test Specimens 
of Thermoplastic Materials, 

. Recommended Practice for Com- 
pression Molding Test Specimens 
of Thermosetting Materials, 
Recommended Practice for Injec- 
tion Molding Test Specimens of 
Thermoplastic Materials. 


e In the category of Draft ISO 
Proposals were the following new 
standards approved for formal letter 
ballot: 


Ceramic Ferroelectrics For Digital Storage 
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Fig. 1—(A) Conventional coincidence 
ferroelectric storage system and (B) cir- 
cuit reduction of the matrix. When volt- 
age pulse of amplitude V is placed across 
selected element, “disturb” voltage V /2 
appears across many unselected elements. 
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THE MAJOR PROBLEM in high-speed digital 
computer technology lies in the area of 
random-access storage since high-speed, 
solid-state logic components are in a highly 
advanced state. The ultimate characteris- 
tics of the system described here appear 
extremely promising when compared with 
those of ferrite-core memory arrays. The 
proposed system utilizes a new ferroelectric 
ceramic material and a new method of 
nondestructive read-out. 

> Previous Material Limitations. It 
has long been recognied that ferroelectric 
crystals possess sufficient polarization non- 
linearity and hysteresis to function as stor- 
age elements in a coincidence-type matrix 
as shown in Fig. 1.* Certain inherent diff- 
culties, however, such as the problem and 
expense of obtaining square-loop crystals, 
fabricating matrices and the degradation 
in switching polarization after a number 
of cyclings, limit the effectiveness of crys- 
tals in large matrix applications. Ferro- 
electric ceramics are cheaper and easier 
to process but do not possess required non- 
linearity for conventional coincident-selec- 
tion systems because of random particle 
orientation and piezoelectric coupling be- 
tween particles. 

& Conventional Read-Out Limitations. 
Figure 2 shows a hysteresis loop of a 
*See “Ferroelectrics as Solid-State Devices," R. A. 
Fotland, Execrrican Manuracturinc, March 1958 


ceramic specially fabricated for nonline- 
arity. After application of a +V pulse, the 
polarization rises to +P. But subsequent 
application of a large number of —V/2 
disturb pulses (as when other bits are 
read) reduces polarization to +Py. Simi- 
larly, with positive disturb pulses suc- 
ceeding a —V pulse, polarization is re- 
duced to —Py. Upon read-out, polarization 
changes from +Py to —P, or —Py to 
+P}, depending upon whether a “one” 
or “zero” is stored. The discrimination 
ratio of Fig. 2 (i. e., ratio between “one” 
and “zero” output) is about 1.25. The best 
discrimination ratio under full disturbed 
conditions obtained at this laboratory with 
ceramics is 1.5, For a reliable system this 
should be at least 4. 

> New Read-Out Principle. Although 
disturb pulses from unselected elements 
reduce the remnant polarization in any se- 
lected element of a storage matrix, the di- 
rection of a previously applied voltage pulse 
may be determined by applying a_ high- 
frequency sinusoidal voltage to selected 
element and noting the phase of the re- 
sultant second-harmonic current with re- 
spect to the applied sinusoid. Thus, small 
remnant polarizations are easily detected 
and can be nondestructively read out. 
Figure 3 shows the reversible (small sig- 
nal) capacity of a certain ferroelectric 
ceramic capacitor as a function of 
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Tensile Properties of Plastics, 
2. Testing of Plastics with the Tor- 
sion Pendulum, 
Determination of the Viscosity 
Number of Polyamide Resins in 
Solutions, 
Determination of Acetone Soluble 
Matter of Phenolic Molding Ma- 
terials, 
Method of Test for 
under Moist Conditions, 
6. Vicat Softening Point. 


Tracking 


e The recommendations of Working 
Group 8 on tests for tracking are of 
particular importance in the field of 
plastics dielectrics. This group serves 
essentially in a liaison capacity be- 
tween TC 61 and the International 
Electrotechnical Commission (IEC) 
committee TC 14 on Electrical Insu- 
lating Materials. Based on the recom- 
mendation of this group, TC 61 has 
approved for circulation the text of a 
Draft Method for Determining the 
Comparative Tracking Index of Solid 
Insulating Materials under Moist Con- 
ditions. This draft is identified as Doc- 
ument IEC 15 (Central Office) 9. Also 
under study by ISO/TC 61 are methods 
proposed by IEC/TC 15 on Condition- 
ing, Corrosion Effects, Insulation Re- 
sistance, Thermal Stability, Electric 
Strength, Dielectric Constant and Di- 


electric Loss. 


d-c bias. If a positive pulse is applied 
to the sample, dC/dV is negative. For a 
negative pulse, dC/dV is positive. With a 


sinusoid peak amplitude of V and angular 
frequency » applied, resultant current flow 


is 
d¢ 


Cc 1 w Sin wl V2w 
d\ 


sin 2wl 
The phase of the second harmonic with 
respect to the fundamental shifts 180 deg 
as dC/dV changes sign. 

> Test Results with New Ceramic. Of 
the many ceramic materials developed or 
during a WADC-sponsored 
research program,* the most promising is 


investigated 


a niobate substitutional-type compound. 
Sheets 0.1 mm thick were slip-cast and 
silver electrodes vapor-vacuum deposited 
through a mask. Extensive tests on 10 x 
10 matrices have shown that: 

e It is possible to change the sign of the 
voltage dependence of capacity with 0.1 
usec write pulses providing fields on the 
order of 25 kv/em. 

e@ Sign of dV/dC may be determined from 
phase relationship between fundamental 
and second-harmonic currents by applying 
7 kv/em peak sinusoid across the ceramic 
Upon reversing sign with write pulse, sec 
ond-harmonic current shifts 180 deg with 
respect to fundamental, 

e@ Neither phase nor amplitude of second 
harmonic current is changed by several 


*Electronics Component boratory, ntract AF 


33(616) -5125. 
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e The leader of the United States 
delegation to the eighth annual 
meeting of ISO/TC 61 was C. Howard 
Adams, Monsanto Chemical Company, 
St. Louis. Succeeding him for the year 
beginning December 1, 1959 is William 
E. Brown, Dow Chemical Company, 


Midland, Mich. 


Nondestructive Test 
Method for Dry Cells 


True internal resistance of dry cells 
can be measured by applying a repe- 
titive pulse. This nondestructive test 
technique has been developed by Na- 
tional Bureau of Standards scientists. 
It has proved useful in determining 
how internal resistance changes as the 
cell is discharged under various stand- 
ard test conditions on continuous or 
momentary current drain. Results of 
such tests show that increase of intern- 
al resistance depends on the type of 
discharge, cell size, and variations in 
manufacture. 

The experimental equipment consists 
of a pulse generator, a 
of known value, and the test cell (all 
connected in series) plus a cathode- 
ray tube oscilloscope. 

The oscilloscope leads are connect- 
ed to the cell terminals, and with the 
pulse generator applying a train of 
pulses to the cell, the instantaneous 7R 


resistor 


million readings or several days’ time. 
e@ Second-harmonic current amplitude re- 
duces about 50 per cent after several mil 
reversals (switchings) but 
phase discrimination is still acceptable. 
e@ Several million one-half disturb pulses 
do not destroy stored information but sec- 
ond-harmonic current amplitude is reduced 
slightly. 
e Amplitude of second-harmonic current 
component proportional to square of ap- 
plied field up to 7 kv/em. Ratio of sec- 
ond-harmonic component to fundamental 
on the order of 10°° at 1 me fundamental 
and 7 kv/em field. 
e@ Switching time less than 1077 see (ulti- 
mate switching speed was not determined 
due to equipment limitations). 
e Effective operation up to 150 C; opera- 
tion to 300 C is possible with switching 
voltage adjustable from 20 to 40 kv/cm. 
e Read-out power requirements 5 watts 
sq cm at 1 me for 0.005 in. thick ceramic. 
> Further development is necessary to: 
@ Reduce film thickness to 10 microns, 
with pulsing voltage requirements thus 
reduced to approximately 20 volts, per- 
mitting low-power transistor drive. 
@ Develop special read-out/address equip- 
ment to switch r-f pulses and allow matrix 
stacking. 

& With smaller particle-size material, 
switching time may be reduced (as domain 
walls travel shorter distances to cross par- 
ticles) to an ultimate of 5 usec with 10 
me read-out frequency. Ultimate storage 
density may be 10"! bits per cu cm. Micro- 


lion phase 


drop is recorded at the trailing edge 
of the pulse displayed on the oscillo- 
scope screen. The instantaneous drop 
of the oscilloscope pattern occurs in 
about 107 sec. The oscilloscope is 
then connected across the known re- 
sistor, the instantaneous /R drop is 
noted, and the current through the re- 
sistor is calculated from Ohm’s law. 
Then, knowing the current in the pulse, 
the resistance of the dry cell is cal- 
culated by applying Ohm’s law to the 
IR drop in the cell in the first meas- 
urement. 


Testing for 
Arctic Temperatures 


Simulated environments fail to provide 
valid test data for engineers working 
on equipment intended for service in 
arctic regions. This is the opinion ad- 
vanced by a number of specialists in 
the area of design. Equipment that has 
survived simulated arctic environment 
tests frequently fails when put into 
field operation. Consensus: actual tests 
of materials, components parts and 
prototype end equipment in natural 
arctic environments are essential. 


—A.E.J. 
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Polarization 


Fig. 2—-Ceramic hysteresis loop. Because 
of lack of “squareness,” remnant polari- 
zation is reduced by repeated disturb 
pulses of opposite polarity. 


C 


| 
Fig. 3—Small-signal capacity-bias curve 
for ferroelectric ceramic. Sign of dC/dV 


at V = 0 depends on direction of pre- 
viously applied voltage pulse. 
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miniature wiring devices are the limiting 
factor. 
RICHARD A. FOTLAND 
Research Supervisor 
Horizons INCORPORATED 
Cleveland 4, Ohio 
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“electronic 
in the past few years has been 
“comparable to the spectacular growth of 
the electronics industry,” according to Dr. 
J. H. Koenig, Director, School of Ceramics, 
Rutgers, The State University, New Bruns- 
wick, NJ. A reflection of this progress is 
the establishment (approximately a year 
ago) of the Electronic Division of the 
American Society. The recent 
November issue of the Society’s Journal 
includes a 


PROGRESS IN THE GROWTH OF 


ceramics” 


Ceramic 


comprising 
papers presented at the first annual ses- 
sions of the new division. 


special section 


Primary purpose of the ACS Electronics 
Division is to bring together on a national 
level physicists, chemists, electronic engine 
ers and ceramists faced with the common 
problem of development and application of 
new materials. Characteristics such as elec- 
trical conduction, polarization and magnet- 
ization are not only of concern to basic 
research but have a practical impact on the 
application of the materials. Of increasing 
significance are the variations in character- 
istics caused by composition, structure, 
temperature and frequency. Purity is be- 
coming a critical factor in the develop- 


Research Note 


RESEARCH PEOPLE IN THE FIELD of electron 
tubes have always been intrigued by the 
possibility of obtaining a_ tube 
needed no current to 
achieve electron emission, and there is 


whose 
cathode heating 
constant effort toward obtaining this goal. 
And rightly so! The advantages to be 
realized by a successful cold cathode tube 
are not to be overlooked: reliability (the 
eventual “boiling off’ and deterioration of 
the hot cathode constitute the major cause 
of tube failure); lack of maintenance (for 
applications in unattainable 
and, of course, the absence of space-using 


locations) ; 
and heat-producing power supplies. 


e@ The latest development in the search 
for a successful cold cathode tube comes 
Electric and the Signal 
Corps. The cathode of the new tube is 
coated with magnesium oxide and it is a 
vacoum tube (as distinguished from the 


from Tung-Sol 


many cold-cathode, mercury-vapor tubes). 
This means that the tube is not just an 
“on-off” device but can actually be used 
as an ordinary controlled amplifier. 


e@ The possibility of using MgO as an 
electron discovered by Dr. 
Dietrich Dobischek at the Signal Corps 
Research and Development Laboratory in 
the course of a study of the field-enhanced 
secondary emission from the material. In 
these experiments, thin MgO layers were 
deposited on a nickel base and bombarded 
with electrons possessing sufficient energy 
to produce secondary electron emission 
from the MgO. The secondary electrons 
were collected at a nearby collector elec- 


source was 
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ment of materials needed for service under 
extreme environments, The need for ultra- 
high-temperature resistant and _ nuclear 
radiation-tolerant materials has brought 
ceramics into a particularly favorable posi- 
tion. Electronic ceramics generally can 
be grouped as follows: low-dielectric-loss, 
ferroelectric, ferromagnetic and semicon- 
ducting ceramics. 

Some predicted advances in electronic 
ceramics have been summarized in an ACS 
Electronic Division paper, “Ceramic Elec- 
trical Insulating Materials,’ by M. D. 
Rigterink, Bell Telephone Laboratories, 
Murray Hill, N.J.: 


e@ It is not anticipated that an inorganic 
insulating material appreciably better than 
sapphire will be found. Such a material 
would probably have covalent rather than 
ionic bonding; boron nitride shows the 
most promise. Dielectric constant is about 
4.2 and density about 2.2, which are re- 
latively low values. In massive form, how- 
ever, BN is still relatively weak and is 
affected by water and high humidity. 


e The trend in microstructure will prob- 


MgO in Cold-Cathode Vacuum Tube 


trode, as is commonly practiced in sec- 
ondary emission studies. 


e To quote Dr. Dobischek’s description 
of the discovery: “Once, when the primary 
electron beam bombarding the MgO sur- 
face was turned off and with the voltage 
still applied to the collector, the surprising 
observation was made that the MgO layer 
continued to emit electrons without any 
external stimulus. Neither heat nor ex- 
ternal light was necessary to keep alive 
the emission current from the MgO. By 
varying the voltage at the collector elec- 
trode, this self-sustained current could be 
controlled easily for many hours from a 
few microamps to several tens of milli- 
amps.” 


e@ There followed much experimental 
work in the development of the proper 
method of preparing the MgO layers, an 
important factor in the ability of the ma- 
terial to emit the necessary electrons. A 
technique suitable for 
duction was finally evolved and Tung-Sol 
was given a contract to develop a tube 
built around the MgO cathode. 


large-scale pro- 


@ One disadvantage of the new cold- 
cathode tube is the necessity for a starting 
means. When voltage is first applied to 
the plate, no emission will take place until 
the MgO is given a positive charge. Several 
methods have been developed for doing 
this; it is possible to start the emission 
within a fraction of a second (eliminating 
the hot cathode’s long warm-up time). 
Once started, the cathode continues to 


ably continue toward lower glass contents 
and finer crystals. The more important 
change, however, will be the removal of 
voids and the attainment of 98 to 100 per 
cent of theoretical density as contrasted to 
the present level of about 92 to 96 per 
cent, 


e@ Many more raw materials and mix- 
tures of them prepared from true chemical 
solutions can also be expected. Hydrother- 
mal synthesis is one example of such a 
procedure. This approach should help to 
avoid contamination and allow particles to 
be built up according to the desired com- 
position and structure. 


e This mixing in the ionic, atomic, and 
molecular scale will certainly include the 
addition of selected organic compounds to 
give high plasticity; better forming should 
result. 


distribution on the 
molecular scale should also reduce firing 
temperatures as the additives can be more 
effective and structures that will promote 
sintering can be created. 


e Homogeneous 


emit (with a pale blue glow). The emis 
sion can be sustained at extremely low 
“keep-alive” currents, thus 
good stand-by 


providing a 
feature for operation § in 
remote locations. 


e@ The exact nature of the electron emis 
sion from the MgO is not known. It is 
known that, with the positive charge on 
the layer, a high electrical field is created 
across it; and it is assumed that this causes 
the liberation of electrons within the 
MgO. The electrons are multiplied by an 
avalanche process and gain sufficient energy 
to leave the MgO surface. The liberation of 
the electrons in the MgO is tentatively 
assumed to be the result of a photoelectric 
effect in which photons are ejected during 
the recombination of positive ions with 
electrons. 


e@ Development work on the new concept 
is now concentrated on various types of 
tubes which might use MgO cathodes. 
These include a preamplifier tube employ 
ing secondary emission that will have a 
very high amplification factor, a cold cath- 
ode electron gun for radar and TV picture 
tubes and klystrons, and illumination lamps 
having the outward appearance of the pres- 
ent fluorescent lamp. Other applications of 
the cold cathode tube include use in 
equipment such as garage door openers 
where instant desirable, in 
computers where the elimination of heaters 
would provide reliability and cost savings, 
and in space vehicles where the low power 


starting is 


required would make possible operation on 
solar batteries, —J.R.R. 
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Buy this Testmobile and tilt 
your ‘scope so you can read it! 


Obsoleting all previous concepts in one 
brilliant breakthrough, -hp- engineers 
have achieved the ultimate device—the 
revolutionary 115A Oscilloscope Testmo- 
bile. Employing the radical Supermarket 
Cart principle (first described 1906 by 
A. and P.) -hp- 115A actually tilts an os- 
cilloscope so you can read it, and lets you 
push it from place to place! Scope may be 
tilted up to 30° in 714° increments; heavy 
chromed tube steel construction ; big, lock- 
ing, rubber-tired wheels; removable bot- 
tom basket; size 40” high x 23” wide x 
29” deep, folds for shipment or storage; 
lightweight, only 28 lbs., $80. 


*with thanks to our friends at Philco and Anacin 


Still further probing the Unknown, -hp- 
engineers achieved the -hp- 116A Storage 
Unit and 117A Storage Drawers. The 
116A is a sophisticated cube known as a 
“box.” It holds up to 3 plug-in units for 
-hp- 150A/AR ’scopes; prevents dust and 
elbows in the circuitry. Yours for $22.50. 
The 116A also holds up to three 117A 
drawers which in turn hold tools, solder, 
components and bubble gum. -Ahp- 117A, 
a modest $10. 


HEWLETT-PACKARD COMPANY 
4959M Page Mill Road « Palo Alto, California, U.S.A. 
Cable ‘‘HEWPACK'’ « DAvenport 5-4451 
Field engineers in all principal areas 


Besides Testmobiles, 
-hp- makes 
oscilloscopes, too! 


-hp- 150A/AR - to 10 MC 
Automatic trigger, direct- 
reading; plug-ins providing 
dual trace or differential in- 
put; or high amplification. -hp- 
150AR (rack) $1,200. -hp- 
150A (cabinets) $1,100. 


citi 





. 
@ #6 
-- -o -~ 4 
-hp- 130B/BR - to 300 KC 


1 mv sensitivity, similar X/Y 
amplifiers, direct reading, au- 
tomatic trigger, X5 magnifier, 
balanced on 6 most sensitive 
ranges. -hp- 130B (cabinet) 
or 130BR (rack), $650. 


-hp- 120A/AR - to 200 KC 


Sweeps | psec/cm to 0.5 sec/ 
cm; X5 sweep magnifier, auto- 
matic trigger, high sensitivity 
calibrated vertical amplifiers, 
regulated power supplies. 
-hp- 120AR (rack mount, 7” 
high) or 120A (cabinet) $435. 


Data subject to change with- 
out notice. Prices f.o.b. factory 


over 300 instruments for measuring speed and accuracy 
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FOR TIMESAVING ASSEMBLY 
OF SMALL PARTS 


DIXON 
Aulo- Positioner 


IN FOUR STANDARD MODELS 


Easy to Install — 
Simple to Operate 


This machine 
was tooled to 
feed and place a 
455” washer in- 
to a cup (above) 
having .001” 
clearance. 


@ New Positive-Acting Feeder 
@ Automatic Sensing Device 


The Dixon Auto-Positioner is a com- 
pact, air-operated automatic assembly 
machine for parts from 1/16” to 2” 
size at speeds up to 6000 cycles per 
hour. It is furnished as a fully auto- 
matic station for use at a dial or in-line 
transfer table, or as a self-contained 
machine with pedestal and fixture 
table. There are four models, pro- 
viding a selection of equipment to 
suit your requirements. 


Dependable, Accurate, Compact 

The new parts feeder is simple, com- 
pact (only 6 inches wide), and ef- 
ficient. It provides positive advance- 
ment of the part into the chuck; it has 
a straight track and a positive-acting 
escapement; and it requires no sepa- 
rate motor or vibrator. Automatic 
sensing assures quality control. It 
interrupts the cycle when a part is 
missing or improperly assembled. 


" Standard Equipment, Easily Retooled 
The chuck, positioning punch, and 
\ feeder tooling are easily modified or 
replaced for other jobs. Compactness 
permits close nesting at multiple sta- 
tions, cutting cost of fixtures, dials, or 
transfer devices. 
inet Send for Bulletin AP-B2 
or request our machine 


—-, planning service. 


DIXON AUTOMATIC TOOL, INC. 
2305 - 23rd AVENUE @ ROCKFORD, ILLINOIS 


Equipment for Automatic Parts Handling and Assembly 


14 Circle 108 on page 17 





Pius or Minus 


Random Comments of the Editors and Readers 


Power Development 
J. M. DUGUID 


Power Development Engineer 
Be_t TELEPHONE LABORATORIES 


New York 
Your editorial in the December °58 
of ExLecrricAaL MANUFACTURING 
was read with interest by a number of 
us interested in power development at 
BTL. Mr. M. H. Cook, our vice presi- 
dent, has noted that in expressing the 
1958 electrical output by utilities as 
650,000,000 you have apparently drop- 
ped three zeros! We find that the Fed- 
eral Power Commission figure for 
1956 is 600.591.539.000, or somewhat 
over 600 billion. This would support 
your 1965 estimate of a trillion kw- 
hours. 

Your 
power are 


issue 


about 60-cycle 
undoubtedly safe for 20 
vears in view of the fact that the power 
industry written off 
the expense of converting the few re- 
maining 25- and 50-cycle areas. In- 
dulging in “Monday morning quarter- 
backing,” it is a pity that Westing- 
house or Parsons did not 
possibility of 
movers and hit upon a_ higher fre- 
quency such as 400 cycle. On the other 
hand, when you think that the prime- 
movers of their day were limited to a 
few hundred rpm, we are lucky that 
the lamp flicker 


eveles, 


predictions 


has only recently 


foresee the 


higher-speed _ prime- 


got them up to 60 


What prompts you to see the possi- 
bility of distributing high voltage d-c 
in big cities? I believe the presently 
available highly efficient rectifiers using 
all passive elements answer the need 
for high-voltage d-c mains. 

Your remarks about the 
need to student interest in 
the EE power option are certainly true 


closing 


stimulate 


today. The glamour which surrounded 
the electrical machinery business when 
we oldtimers left 
transferred to 


college has been 
electronics. 


solid- 


transistors, 
magnetics, servo systems and 
state devices. 

My experience in the power develop- 
ment field leads me to believe we are 
in a transitional period. The old-line 
power apparatus is being infiltrated by 
the new techniques and components. 
To cite an example—in the December 
issue is the article on the controlled 


silicon rectifier which is an exciting de- 


velopment as are the new electronic 
governors for diesel and turbine prime- 
movers. At BTL we do have some dif- 
ficulty in recruiting new graduates for 
electrical machinery problems. How- 
ever, the of new solid-state 
voltage or frequency converters or elec- 
tronic control for rotating machinery 
presents no recruiting problems. So I 
think the glamour may return to the 
power transmission 


field through the new techniques. 


design 


generation and 


We blush to admit the confusion 
between the magnitude of 
installed capacity in kw and annual 
consumption of energy in kw-hr. As to 
the possibility of distributing high- 
voltage d-c in big cities, we were re- 
flecting the thinking of a prominent 
wire and cable engineer. We agree that 
static devices on the power level are 


order of 


arousing fresh interest among recent 
graduates. -Editor 
The ‘Clutter Effect’ 

as a Design Desideratum 


Studies in human engineering by the 
U. S. Office of Naval Research tend to 
demolish some of the cherished tenets of 
contemporary psychologists and product 
designers. Contrary to these tenets, the 
human components of a machine or 
instrumentation system do not prefer 
clean appearance, aseptic order, easy 
accessibility, abundant light and other 
well-touted refinements. Stubbornly, 
they seem to prefer the atmosphere of 
relaxed disorder, or as the modern 
interior designer calls it, the “clutter 
effect.” 

A paper by Commander Dean Farns 
worth (USN) presented at a recent 
symposium on operator training held in 
England under the sponsorship of the 
Ergonomics Research Society gives the 
following results of a study conducted 
with submarine crews and radar oper- 
ators: 
ey submarine crews and isolated 
radar watchers were happier with 
cluttered fluctuating 
lighting, and controls tha. demand 
movement. Study of behavior in what 
was called the ‘visually impoverished 
environment’ (e.g., a display of nice 
clean modern instrument panels in a 
pastel shade) suggest that long dura- 
tion watchkeepers need surroundings 
that are stimulating rather than com- 


environments, 
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You Design Dependability 
Into Your Power-Driven 
Product with... | 


eeeescreeeeeeeeeeee 
eeeeeved SCeeeseseeseeeeeeeeeeoocoecseesonce 


Nahe 


Single-stage worm 
gearmotor. Rolled 
thread on output shaft 
actuates traveling 
nut. Frame 2%4x1% 


Two-stage helical gearmotor 
with crank on output shaft 
to operate circuit breaker. 
Frame 2% x 1% 


Impact drill motor for putting 
threaded inserts in concrete. 
Designed to withstand heavy 
vibration. Frame 3'Y%6 x 1% 


SSSSSCSSSSSSSSSSSSeeoeseseeeeseeeseeseeese 


SOHHCHCHSSSESSHHSSOHEHSSESESHECEOOHER HOSE EMReECSEEEEEESESEEOEESEEEEEEEEEEOS SCOHCHCHHESOTHEHOSHEEOEESEREE2EGOES 


Thorough study by our engi- 
neering department of your 
product and its operating 
conditions is the first step in 
designing a Lamb Electric 
motor that will assure required 


dependability. 


The next step is translating this 
information into a motor design 


Three-stage gearmotor incor- having the electrical and me- 
porates special brackets, 
reversing switch and connect- 
ing cord for pipe threader. 
Frame 4% x 2% 


24 Voit DC fuel valve actua- 
tor incorporates gear train 
torque-limiting clutch and 
limit switches. Frame 1% x % 


chanical characteristics needed 
for your particular application. 


We then custom manufacture 


@eeeeeeeseeeeeeeeeseeseseceeeeeee the motor on a volume basis to 


@eeeeoeeoeaoeeoeoeeeececeoseeseeeeaeeeeee 
obtain high quality, uniformity 


and the most favorable cost. 


May we discuss these advan- 
tages of Lamb Electric motors 
with you? 


THE LAMB ELECTRIC COMPANY 
Kent, Ohio 


A Division of American Machine 
and Metals, Inc. Heavy duty motor for indus- 
trial vacuum cleaners, colloid 


mills, hoists, etc. Frame 6x2 


Totally enclosed fan-cooled 27 
volt DC motor for pump drive. 
Frame 2x 1% 


In Canada: Lamb Electric—Division of 
Sangamo Company Ltd.—Leaside, Ont 


SOSH HSH HHSHHHHHSSSHSSHHSHOHSHESSHHHOSSSOSESEEOOSES OOO SES ESESESEEESESESESS 
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ADVANCE MV SERIES 


offered in 3 terminal 
arrangements...6 mount- 
ing arrangements, and 7 
resistance values (30 to 
10,000 ohms). 

— AVAILABLE AT 
ADVANCE DISTRIBUTORS 


—these construction 
features assure 
exceptional reliability: 


Positive sealing. Advance’s use of induction 
heating cuts rejects from faulty soldering to a 
negligible figure. Soldering is accomplished at 
high speed, hence damage to the relay due to 
heat transfer is eliminated. 


RADIFLO testing for leakage is used to detect 
leaks as small as 10-5 cc /sec. All relays that pass 
this test will function after long shelf life. 


RIQAP* program approval. Under RIQAP, the 
Signal Corps constantly checks Advance’s qual- 
ity control and inspection, to insure military 
standards of reliability for all Advance custom- 
ers, both military and industrial. 


*Reduced Inspection Quality Assurance Pian of the 
U.S. Army Signal Corps 


SPECIFICATIONS 


Coil resistance: Available in 7 values, from 30 
to 10,000 ohms. 

50 G's for 11 milliseconds. 

10 to 34 cycles per second at 
maximum excursions of .4”. 
34 to 2000 cps 20 G's acceler- 
ation. 

Pull in power 250 milliwatts 
at 25 C. 

2 amps resistive at 32 VDC or 
115 VAC. 

100,000 operations minimum 
at rated current. 

0.45 ounce. 

/,” high x 5'44” wide x 23/44” 
deep. 


Shock: 
Vibration: . 


Operating power: 
Contact rating: 
Life: 

Weight: 


Size: 


Our Applications Engineering Dept. 
will be pleased to work with you on your 
special application problems. 


povAnce 
“SE ADVANCE RELAYS 


) A. 
Racars 


A PRODUCT OF ELECTRONICS DIVISION 
ELGIN NATIONAL WATCH COMPANY 


2435 


N NAOMI ST BURBANK. CALIFORNIA 
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fortable. 
firmed in 
in industrial situations entailing long 


These findings were con- 


recent studies of people 
periods of isolated and uneventful 
watchkeeping.” 
(A credit the 
Magazine Design as the source of this 


note is due sritish 


information. ) 


Design Considerations— 

Sex in Outer Space 

Credit the November 1958 issue of the 
Vaval Human Engineering Bulletin tor 
the following tidbit: 

Convair Human Factor scientists ad- 
vocate man-wife space teams for long 
lonely outer space explorations as a 
way of minimizing problems of isola- 
tion. Drs. Conover and Kemp in a paper 
entitled “Criteria for Selection 
Training of Bio-Satellite Crews” 
at an American Rocket Society meet- 
ing, recall that during World War II 
the British had good experience with 


and 


given 


men and women being assigned to iso- 
lated anti-aircraft and 
vation duty stations. performed 
their tasks 
and crews did not request replacement. 
think the 
would hold true for long space flight 


battery obser- 
They 


assigned more efficiently 


Convair scientists same 


explorations, and even suggest weight- 
offer 
periences. A.E.J. 


lessness might fascinating ex- 


THIS MONTH’S COVER 


No, this is not another Explorer orbit- 
ing in space, nor a Christmas tree bauble. 
Rather it is a physicist’s concept of the 
magnetic moment of the electron or an 
atom envisioned as a spherical bundle 
of circulating charges with the pointed 
indicating the magnetic moment 
vector in three-dimensional The 
alignment of countless moments like this 
prototype is what makes materials muag- 


arrow 


space, 


netic. This graphical symbol is the key 
to understanding the major Basic Science 
and Engineering insert on “Fundamentals 
of Ferromagnetism™ beginning on p 109. 
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OPEN OUT FOR CONVENIENCE IN CHECKING INQUIRY CARDS 


Electrical 
Manufacturing 


ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising and 
editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by publisher 
if received by May |, 1959 


Advertised Products 


Circle key numbers of those advertisements if 
you desire more information about what is ad- 
vertised. 


New Components and Materials 


Reviews of new developments starting on 
page 218. 


New Literature 


Latest catalog and bulletin offerings starting 
on page 200. 


Reprints of Editorial Features 


Article reprints, available without charge, are 
listed on page 184. For Special Reprints, see 
Order Form on page 194. 
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183 210 237 264 | 291 318 345 
184 211 238 265 | 292 319 
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ADVERTISED PRODUCTS OR SERVICES NEW COMPONENTS NEW LITERATURE | REPRINTS 





182 208 236 263 | 290 317 344 371 513 530 547 564 S81 632 649 666 683 118 735 
183 210 237 264 | 291 318 345 514 531 548 565 582 633 650 667 684 119 736 
184 238 265 | 292 319 346 373 515 532 549 566 583 634 651 685 720 737 
185 212 239 266 | 293 320 347 516 533 550 584 635 652 669 686 721 738 
186 240 267 | 294 321 348 517 534 551 585 653 670 687 722 739 
241 268 | 295 322 349 518 535 552 586 654 671 688 723 746 
242 269 | 296 323 350 519 536 553 587 655 689 724 741 
243 297 324 351 503 520 537 554 588 656 673 690 725 742 
244 271 | 298 325 352 521 555 589 657 691 726 743 
245 272 | 299 326 353 505 522 556 590 692 727 744 
246 273 | 300 327 354 523 557 574 591 633 728 745 
247 301 328 524 558 592 694 729 748 
248 275 | 302 329 559 576 593 695 730 747 
249 303 330 560 577 594 696 731 748 
250 277 | 304 331 561 595 380 697 732 749 
251 305 332 528 562 596 698 733 750 
252 279 | 306 333 529 546 563 580 597 699 734 751 
253 280 | 307 334 
254 281 | 308 335 (3) 
255 262 | 309 336 
256 263 | 310 337 
257 284 | 311 338 Tille 
258 285 | 312 339 
259 286 340 Company 
260 314 341 
261 288 | 315 342 Street 
262 289 | 316 343 
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Inquiry Cards from any page in issue 


Electrical 


Manufacturing 


ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising and 
editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by publisher 
if aadoal by May !, 1959 





READER 
INQUIRY 
SERVICE 











Serwice 


Advertised Products 


Circle key numbers of those advertisements if 
you desire more information about what is ad- 
vertised. 


New Components and Materials 


Reviews of new developments starting on 
page 218. 


New Literature 
Latest catalog and bulletin offerings starting 
on page 200 


Reprints of Editorial Features 
Article reprints, available without charge, are 
listed on page 184. For Special Reprints, see 
Order Form on page 194. 





FIRST CLASS 
PERMIT NO. 45 
NEW YORK, N. Y. 














BUSINESS REPLY CARD 


No Postage Stamp Necessary If Mailed in the United States 








POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


1250 Sixth Avenue 


NEW YORK 20, N. Y. 





OPEN OUT FOR CONVENIENCE IN CHECKING INQUIRY CARDS 








READER FIRST CLASS 
INQUIRY PERMIT NO. 45 
SERVICE NEW YORK, N. Y. 























BUSINESS REPLY CARD 


No Postage Stamp Necessary If Mailed in the United States 








POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


1250 Sixth Avenue 


NEW YORE 20, N. Y. 








READER FIRST CLASS 
INQUIRY PERMIT NO. 45 
SERVICE NEW YORK, N. Y. 























BUSINESS REPLY CARD 


No Postage Stamp Necessary If Mailed in the United States 








POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


1250 Sixth Avenue 
NEW YORE 20, N. ¥. 





\ "4 
. J 


Magnet Wires that pace the Industry 
come trom Phelps Dodge! 


Phelps Dodge Applied Research has developed many outstanding magnet wires 
a’ 
that are designed to anticipate the requirements for advanced insulation 


system designs. This widely diversified group of Phelps Dodge ‘‘firsts’’ includes: 


CLASS A (105°C) SODEREZE® (solderable); FORMVAR (square and rectangular) 
BONDEZE* (self-bonding); S-Y BONDEZE® (solderable self-bonding) 
GRIP-EZE (solderable self-gripping) 


CLASS B (130°C) NYLEZE® (solderable)); THERMALEZE® B (round film) 


CLASS F (155°C) THERMALEZE® F (round, square and rectangular film) 
DAGLAS* (flexible glass) 


CLASS H DAGLAS® H (flexible glass) 


Any time magnel wire is your problem, consult Phelps Dodge for the quickest, surest answer! 


PHELPS DODGE COPPER PRODUCTS 


CORPORATION 


FORT WAYNE, INDIANA 


MARCH 1959 Circle 111 on page 17 





LIGHTER 


AND STRONGER, TOO, 
WHEN DIE CAST with 








: ae 
iow Silane cil A ina a 


This thin-wall spark plug shield is a zinc 
die casting with minimum wall thickness of 
only .015”. 


DODDERER 


Many zinc die castings are as thin as stamp- 
ings, yet can be produced in shapes that can- 
not be duplicated as one-piece stampings. 


More and more, engineers are learning that 
they can design parts for ZAMAK alloy die 
casting that will compete with either steel 
stampings or castings of the lightweight 
metals—and at lower cost. 


THE NEW EDITION 
OF 
“END USES OF 
ZINC DIE CASTINGS” 


ee 
SEND FOR 


YOUR COPY TODAY 
Fes aig 


HORSE HEAD® SPECIAL ZINC AND HORSE HEAD ZAMAK ARE PRODUCED BY 


THE NEW JERSEY ZINC COMPANY 


DEVELOPERS OF THE ONLY STANDARD ZINC DIE CASTING ALLOYS IN USE TODAY 
160 Front Street - New York 38, N. Y. 


AORSE HEAD PRODUC 
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increasing 
component 


density ....  . your job.. and Centralab’s 


MODEL 1 
Component Density 9 per cu. in. * 
Diameter 0.625”; Depth 0.371” 
Rating 1/10 watt 


MODEL 6 
Component Density 18 per cu. in. * 
Diameter 0.502”; Depth 0.155” + 10% 
Rating 1/10 watt 


€ 


MODEL 8 
Component Density 158 per cu. in.* 
Diameter 0.286”; Depth 0.110 +5% 
Rating 1/10 watt 


R) 


ultra-miniature 
high reliability 


for military, commercial, 
transistor, and 
communication applications 


Here is a graphic illustration of how Centralab 
has met your needs for greater and greater 
miniaturization. Pictured (actual size) are 
three ultra-miniature Centralab Radiohms.® 
When introduced, each was the smallest vari- 
able resistor on the market—and was super- 
seded in that position only by the introduction 
of the next smaller Centralab unit. 


These variable resistors are available in a 
variety of mounting styles, to meet the most 
stringent space requirements—further testi- 
mony of Centralab leadership in the develop- 
ment of ultra-miniature components. 
Increasing component density is your job... 
and Centralab’s. 


SPECIFICATIONS: 


Model 8 Radiohm”: 500 ohms to 10 megohms at 
1/10 watt, wide range of tapers, 250° rotation, 
minimum rotational life 25,000 cycles. 

Model 6 Radiohm®: 500 ohms to 10 megohms at 
1/10 watt, wide range of tapers, 250° rotation, 
minimum rotational life 25,000 cycles. Also avail- 
able with SPST switch. 

Model 1 Radiohm”: 500 ohms to 10 megohms at 
1/10 watt, wide range of tapers, 260° rotation, 
minimum rotational life 25,000 cycles. Also avail- 
able with SPST switch. 

Detailed specifications are available in Centralab 
Technical Bulletins. Write for your free copies. 
Model 1 and Model 6 Radiohms” are stocked 
by your Centralab distributor, available as the 
B16 and SM control series respectively. 


* Cubic inch, rather than cubic foot, is used 
to provide a more realisticand more readily 
visualized standard of comparison. 


A DIVISION OF GLOBE-UNION INC. 


962C EAST KEEFE AVE.+ MILWAUKEE 1, WIS. 


B-5905 


In Canada: 804 Mt. Pleasant Rd., Toronto 12, Ont. 


VARIABLE RESISTORS © ELECTRONIC SWITCHES ¢ CERAMIC CAPACITORS ¢ PACKAGED ELECTRONIC CIRCUITS + ENGINEERED CERAMICS 
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The HOTTEST thing in COOLING... 


— MUFFI 


Now you can cool economically — less 


Unlike conventional or phonograph-motor-assemblies, the 
MUFFIN® FAN boasts a high air performance of 100 CFM 
free delivery from a basic package only 4-11/16” square and 
only 1-1/2” deep while the weight is but 1-1/2 pounds. The 
completely original aerodynamic design permits operation 
through a dust filter and tightly packed electronic equipment. 

Unbelievably thin . . . entire fan assembly is only 1-1/2” 
thick! Protrusion into cabinet is 1-1/2” MINUS the panel 
thickness. The MUFFIN® FAN will mount into wall of 
cabinet imposing practically no space requirement inside the 
enclosure. 

The MUFFIN® FAN is a completely integrated cooling 
unit. The propellor and stator assemblies, venturi block, grille 
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| 
| 


assembly and ingenious all-purpose mounting clips combine 
to form a complete package. The MUFFIN® FAN can be 
installed in a rectangular cutout in a panel in just seconds. 
When installed it represents the ultimate in cooling efficiency 
and a distinct asset to equipment appearance. 

In addition, the MUFFIN® FAN provides the following 
will fit any 


distinct features . . . extremely quiet operation... 


panel thickness from 1/32” up .. . no capacitor, commutator or 
slip-ring . . . exclusive no-maintenance motor . . . flow direction 
quickly and easily changed by turning fan end-for-end . . . all 
electrical parts including terminal lugs are molded into water- 
tight shell. 

The high performance level of the MUFFIN® FAN together 


THE ROTRON MUFFIN® FAN 
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ACTUAL SIZE 


than $8 in Quantity! ae 


with its extremely compact size and economical cost provides 





for the first time efficient forced-air cooling in equipments 
where space or cost limitations previously made cooling pro- 
hibitive. 














4%e 4° 
STATIC oe 
ba 
PRESSURE = 
INCHES 
OF WATER WITH SCREEN 
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WRITE TODAY FOR COMPLETE TECHNICAL DETAILS TO... 


ROTRON ROTRON mfg. CO., INC. woopstock, NEW YORK © ORiole 9-2401 
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LET SPAULDING GIVE YOU A HAND WITH YOUR 
TERMINAL BOARD PROBLEMS 


Specially trained Sales Engineers . a broad choice of basic materials 
extensive fabricating facilities _.. 85 years of experience. These Spaulding assets 
are at your disposal for terminal board material selection, design or production. 
Spaulding’s variety of basic materials provide unique combinations of proper- 
ties to solve any problem in application. They have extremely high dielectric 
strength, low cold flow, good staking qualities, as well as toughness, chemical 
inertness, moisture resistance and dimensional stability. They are available fabri- 


cated to your exact specifications in completely uniform parts and in basic form 


faces ti nadie such as sheets, rods and tubes. 


and 


~~ Contact Spaulding. A Spaulding Sales Engineer can be at your office in a 
Sales Offices matter of hours with complete data on basic materials, fabricating service and 


Serve Every engineering assistance. 
industry © . 


SPAULDING FIBRE COMPANY, INC. 


302 WHEELER STREET @ TONAWANDA, NEW YORK 
Visit Spaulding at the IRE Show. 
Booths 4216-4217 
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ICKERS. 


leaders 

in power 
rectifiers 
since 1947 


~— 2, 8, and 12 ampere units 
(actual size) 


ween e ee) 


SILICON POWER RECTIFIERS 


MARCH 1959 


with these outstanding advantages 


GREATER RELIABILITY... Quality and 
uniformity are consistent in the entire line. There's no 
need to compensate for differences in performance 
characteristics 


SUPERIOR REVERSE CHARACTER- 
ISTICS... Precise manufacturing techniques virtu 
ally eliminate impurities. Rectifiers maintain excellent 
and stable reverse characteristics at all temperatures, 
(voltages up to 800 p.i.v.; leakages in the | micro-amp 
range) 

LOW FORWARD DROP... Forward drop 


less than one volt at full current ratings. (Approximately 
0.8 volt at operating temperature) 


M@ HIGHER INSULATION RESISTANCE 


... Tough epoxy coating provides improved external 
leakage path with a high degree of surface resistivity . . . 
guards against flash-over, even under very humid con- 
ditions 


MORE CURRENT PER DOLLAR... 


» 


Vickers rectifiers have up to 25% higher current rating 


than other rectifiers of similar size and price 

FAST-COMPETENT SERVICE ... Im- 
mediate deliveries on receipt of order. Skilled application 
engineering backed by many years of rectifier experience, 


Send for Series 3300 Bulletins for complete information 
on Vickers Silicon Power Rectifiers 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


i803 LOCUST STREET 


- SAINT LOUIS 3, MISSOURI 
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a week, each 


a different applic ition, require a continuous program of 


valuating the properties of metals and fabricating costs 
at Robertshaw-Bridgeport. 


In making bellows (left ) and temperature sensors (above ) to meet ever-changing needs 
of control, appliance, and industrial equipment manufacturers, Bridgeport Thermostat 
Div., Robertshaw-Fulton Controls Co., Milford, Conn., averages 10 to 15 new prob- 
lems a week. Specifications vary widely in dimensions and physical characteristics. 
Dependable performance over long periods of uninterrupted service is vital—yet costs 
must be rigidly controlled. 


So for quality with maximum economy in fabrication, materials must be matched 
precisely to the needs of each job. And in this, Robertshaw-Bridgeport looks to its 
suppliers for creative technical services. For many years, The American Brass Com- 
pany specialists have been helping to select the correct alloys in phosphor bronze or 
brass and to meet fabrication problems in the making of bellows—to apply econom- 
ically precision-made capillary tubing and other small-diameter copper tube in sensor 
assemblies. Through such services, The American Brass Company is constantly helping 
metal fabricators across the nation control quality while keeping costs down. 


A" you caught between cost reduction and quality 
control? Find out if you are buying metal properties 
you don't need. An Ani ,conda speci: alist mi iy be able to 
suggest a lower cost alloy that fits the requirements of 
your job more closely. Or he mi iv find that an adjustment 


of te mper or a change in your fabrication methods can COPPER BRASS BRONZE NICKEL SILVER 


cut your costs. The services of Anaconda specialists are as euanuers 


available through your American Brass representative. 

Call him in today, or write: The American Brass Com- Made by The American Brass Company 
pany, Waterbury 20, Conn. In Canada: Anaconda 
American Brass Ltd., New Toronto, Ont. 
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INST= £Oy S VERSE” Motors 


ENCOURAGE FRESH THINKING FOR NEW PRODUCT 
APPLICATIONS WHERE GEAR REDUCTION IS NEEDED 


Ratios to your specifications through gear ~ “ MANUAL 
reduction such as epicyclic, worm, or bevel 
, TRANSDUCERS 


and other gears, PLUS instant, full-power 
ENERGIZE SINGLE OR DOUBLE POLE 


SWITCHES FOR ON, OFF, FORWARD 
priced, high-reliability products. Hospital OR REVERSE OPERATION OF ONE 
beds and garage doors are but two of OR MORE OUTPUT SHAFTS. 


reversibility extends power-package applications. 


These open new possibilities for competitively 


today’s newer products improved with these 


Franklin Motors. 


YOUR PRODUCT FOR DEPENDABILITY 


Invite us to confer on your projects involving application- 
engineered fractional motors. INST-O-VERSE~ gear motors 
represent only one of many “firsts” we offer for the products you 
can “Franklineer” for today’s and tomorrow’s better business. 


WRITE FOR Franklin INST-O-VERSE” folder and catalog .. 


INSTANT-REVERSING MOTORS — 


¥ T01H. P. 
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Meet Mr. Mu, the man from 
Magnetic Metals 


rs 


Sle 
ey 


tine Pe 


ne 


the superior 
levels of 
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magnetic laminations with highest 
permeability ever attained 


Performance of equipment can be no better than its components. Now you can design your 
product to tighter specifications . . . reduce its size . . . be positive of uniformity of its 
performance... with new Supermu laminations by Magnetic Metals. These laminations 
are carefully controlled and tested to meet your specific permeability ranges. They are 
produced from recently developed new alloys, mechanically and thermally processed to 
closer limits than ever before. 


Magnetic Metals Company produces these superior grade laminations 
under a rigid 4-point control program: 

e painstaking procurement and development in basic magnetic materials 
e production and maintenance of the finest precision tools and dies 

e superior annealing techniques that hold the process to an exact science 
e extensive testing that rates Supermu laminations to uniform grades 


When you specify Supermy laminations—a new development of Magnetic Metals... 
you’re sure of uniform permeability ratings to meet your design requirements. 
Write for complete details. 


agnetic 
etals 


transformer laminations * motor laminations « tape-wound cores 
powdered molybdenum permalloy cores « electromagnetic shields 


NIAGNETIC METALS CONIPANY ¢ Hayes Avenue at 21st Street, Camden 1, N. J. 
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MOUNTING 
VERSATILITY 


Cradle bases, both solid and resilient, allow 
rotation within base 


You can rotate the Form G motor 
within the cradle base to take advan- 
tage of its drip-proof design, or you 
can position the motor with the ca 
pacitor at various 
angles for tight 
squeeze applica 
tions. Or, you can 
remove the cradle 
base if you don’t 
need it for your ap- 
plication.G-E Form 
G mounting versa- 
tility can mean 
greater design flex- 
ibility for you! 


GENERAL €@ ELECTRIC 


> 2 ; 
'\ fF ; C¢ iv 
A ow . 


CHANGE 


Now you can reverse Form G shaft rotation 
in less than 10 seconds 

No need to specially order motors to 

meet your rotation requirements. 

G.E.’s Form G motor features a new 

wiring method that lets you change 
rotation in seconds. 
Quick connectors 
make the change 
fast and positive. 
Just interchange 
the two motor 
leads on the termi- 
nal board. That’s 
all. Require fast, 
easy rotation 
change? The Form 
G is your motor! 


GENERAL @@ ELECTRIC 
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DESIGN ENGINEERS... 


Close end shield tolerances allow direct 
mounting without costly machining 


General Electric standard Form G’s 
can be mounted directly on your 
product without expensive machin- 
ing or costly brackets. Close end 
shield tolerances, 
plus inherent shaft- 
to-end shield con- 
centricity, lets you 
mount General 
Electric’s Form G’s 
withsimple through 
bolts. This feature 
could be a real 
money saver for 
you. Why not in- 
vestigate it today? 


GENERAL @@ ELECTRIC 
ALES ENGINEER 
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costs with General Electric Form G motors... 


FAST VOLTAGE 
CHANGE 


Unique sliding plates on terminal boards 
make voltage change simple 
Reduce inventory, simplify order- 
ing! You can change General Elec- 
tric Form G motors from 115 v to 
230 v operation (or vice versa) in 
1/5th the time, 
without confusion 
and error. No spe- 
cial tools required! 
A screwdriver is all 
you need. Just 
loosen the four 
screws, pivot the 
plates to the new 
position and tighten 
the screws. That’s 

all there is to it! 


GENERAL €@ ELECTRIC 
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ALL-ANGLE 
OPERATION 


Special bearing and oil retention system 
permits mounting in any position 
Mount it horizontally, vertically— 
even upside-down—the new Form 
G has the versatility to match the 
design and space requirements of 
your product. An 
advanced __ bearing 
and full oil reten- 
tion system allows 
you to mount the 
Form G in any po- 
sition and still be 
sure of getting 
faithful motor per- 
formance. In any 
position, Form G’s 

do the job! 


GENERAL @@ ELECTRIC 
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COMPLET 
LINE 


Full line of Form G's means the right motor 
for every application 

There’s a standard Form G motor to 
meet your exact product require- 
ments. No need for costly specials. 
Over 850 basic models—and thou- 
sands of variations 

are available on 

a mass-production 

basis. Let your 

General Electric 

Sales Engineer 

show you the all- 

around versatility 

of Form G motors 

and how they can 

provide important 


savings for you! 


GENERAL €@ ELECTRIC 
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PRODUCT-DESIGN BRIEFS FROM DUREZ 


Canopy retards fire 


Good product ideas seem to work almost 
anywhere. 

lake, for example, this plastic gas- 
station canopy. So far as we can tell, the 
idea of cool, light-diffusing canopies over 
the gas pumps started in the South, where 
it would seem to be a natural. 

However, the canopy you see here is 
in Canada. It does most of its work in 
winter, when it may have to hold up the 
weight of five feet of snow and ice. 

The marketing strategy is sound. A mo- 
torist doesn’t mind so much getting out 
of his car in bad weather when he’s pro- 
tected overhead; and the attendant, too, 
is likelier to provide that extra bit of 
service. 

There’s something else that’s different 
about this canopy. It doesn’t support com- 
bustion, because it’s made with Hetron" 
self-extinguishing polyester resin. A fire 
starting at a pump won't spread along the 
canopy to other pumps or to the station 
building. 


If it weren't for self-snuffing Hetron, 
there’d be few places where a good idea 
like this could operate. Fire retardance is 
chemically locked into the resin, not 
added later at the expense of strength. 
The resulting combination of structural 
properties gives you something unique on 
which to base your new-product ideas. 

If you'd like to know more about Het- 
ron resins, let us send you the complete 
technical data file, together with names 
of leading fabricators in this country and 
Canada who can make U/L-listed panels 
and custom-molded shapes for you. 


Less dough 
for this “bread" 


Needed: a dimensionally stable material 
for the “bread” in this sandwich-like mul- 
tiple switch assembly (above right). 

Why dimensionally stable? Because 
each of the seven “slices” in the sandwich 
has 187 holes that must line up with 
matching holes in the other plates. 

What low-cost insulating material 
would hold alignment without risk of 
moisture absorption and warping? Could 
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e A plastic for potentially hazardous locations 


@ Material for a non-warping switch 


® More design freedom in metal castings 


holes be molded, rather than drilled, to 
the required accuracy? Would this save 
money? 

The material recommended by the cus- 
tom molder was a fast-curing Durez com- 
pound with good moldability and excel- 
lent dimensional stability. This material 
does everything the designers want it to 
do. Its exceptionally good mold release 
facilitates the low-cost molding of holes. 
In addition, numbers and letters which 
were formerly silk-screened on the plates 
are now molded-in for extra savings. 
Result: a smooth-functioning, non-warp- 
ing switch, produced with the utmost econ- 
omy. It’s just one more proof of the wide, 
wide spectrum of design requirements you 
can meet at low cost with Durez phenolics 
(and often only with phenolics). Want 
more information on these versatile mold- 
ing compounds? Just check the coupon 
for a bulletin on Durez materials. 


Castings —can do 
Don’t back off from a complex metal 


shape just because “it can’t be done.” 

Instead, talk to your foundryman. He 
may have a surprise up his sleeve—shell 
molding. It saved the day for the alumi- 
num-alloy gearbox cover, below. 

Designers wanted as many heat-dissi- 
pating fins as possible; they compromised 
on 40. Even so, fins tore when the piece 
was poured in sand. Three men could 
produce only 20 good castings a day. 

A switch to shell molding has made 
the casting economically feasible. Three 
men now turn out 70 per day. Dimensions 
are much more consistent from one cast- 
ing to the next. As a bonus, engineers 
found they could squeeze two more fins 
into the design to get higher efficiency than 
they first believed possible. 

What about cost? Shell-molded castings 
sometimes cost more per pound than reg- 
ular castings. But they often save you far 
more than the difference—by reducing 
machining and finishing time and by 
speeding assembly. 

Like to know how these better castings 
are made with the help of Durez foundry 
resins? We'll gladly send you the new 36- 
page “Durez Guide to Shell Molding” if 
you check the coupon below. 
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For more information on the Durez materials mentioned above, check here: 


Hetron fire-retardant polyester resins (SOA) 
General bulletin on Durez materials (Bulletin 400) 


Clip and mail to us with your name, title, company address. (When requesting 


samples, please use business letterhead.) 


| | 
| | 
| | 
7 () “Durez Guide to Shell Molding” (36-page bulletin) 
| | 
| | 


PLASTICS DIVISION 


HOOKER CHEMICAL CORPORATION 


1303 Walck Road, North Tonawanda, N. Y. 
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CRI MP at bench...or at equipment 


—_— ea 1G 


Precision hand, pneumatic, or automatic 
tooling guarantees uniform and 
complete crimp for each connection 

—a measurable quality control —at a 
high speed production rate. 


a. oe € 6 & © ¢ & &: 8 @ 6-6 0 * OCs 0.5 2 Le 8 2 eS OS OO O'8 Oe OD 8 OS SC ee 8 Oe 


SNAP-LOCK ...... 


Pins and sockets are easily and 
quickly snap-locked into plugs and 
receptacles. They may be removed 

with a simple extraction tool for 

circuit changes or checks. 


2s @ @ eo @ 6 6 2 8 8 8-6 EO 9 C280 


666. ¢ © 66 6S © CLS ©. 8. O14 © 6 OS 8 6 6 6) OR 


C0 N N ECT ... only 3 points of contact 


The HYFEN method provides the minimum number rae 

of contacts—3—thereby reducing reliability “~~. 
problems. Exceeds the requirements of >= 
MIL-C-5015C and MIL-C-8384A. a> 


H YF E N connectors 


with crimp-type snap-locked contacts 


BURNDY’s HYFEN method, already widely accepted in the 
industry, speeds the wiring of electronic harnesses and systems, 
and achieves greater dependability and versatility than has 
heretofore been possible. Crimp-type connections eliminate 
time-consuming solder operations and the disadvantages 

in the use of solder. 


For complete information, write: OMATON DIVISION 


Norwalk, Connect. In Europe: Antwerp, Belgium 


See more at 1.R.E. Booths 3107-9 
Circle 121 on poge 17 


ACCEPTED! 
Hyfen Variations 


ME rack and panel HYFEN connector. 8 or 26 
ace nfiguration. One-piece shell and one 


Also available for Oaxial or 


Feed-thru, modular design, multiple insert con- 
nector. 35 contact inserts can be removed from 
frame for easy contact insertion or removal 
5 or 8 insert frames available 


Printed circuit connector in either 31 or 45 
place configuration. Accommodates single wire 
or combinations of wire sizes 


HYFEN types illustrated are typical 
of those already supplied to the 
industry by BURNDY. HYFEN 
connectors are engineered to meet 
specific requirements. For other 
types or sizes, contact BURNDY. 


$9-3 


Toronto, Canada 





PHELPS 
DODGE 
MAGNET 
WIRE .. 


AGLAS 


Offers flexible 
glass insulation 
with proven 
thermal 
stability ! 


FIRST FOR 
LASTING QUALITY 
—FROM MINE 

TO MARKET/ 


Circle 122 on page 17 


Phelps Dodge Daglas, a magnet 
wire insulation of fiberglas and 
Dacron* fused together, combines 
the excellent performance of glass 
wire with exceptional flexibility, 
adhesion and forming properties. 
Daglas is proven in Class “‘B’’ and 
“F”’ applications, takes tougher 
windings, cuts rejections and 
lowers overall costs. When used 
with a silicone overbond, Daglas 
meets Class ‘‘H’’ requirements 
and eliminates Class ‘““H”’ winding 
problems. 


*Dacror Du Pont’s polyester fiber 


Any time magnet wire is your 
problem, consult Phelps Dodge for 


the quickest, easiest answer! 
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SHEER UAL TERMINAL LUGS 
AND CRIMPING TOOLS _ 


SPEED INSTALLATION — REDUCE COSTS! | : 


SERRATED CRIMP 
FOR GREATER RESISTANCE 


TO PULL-OUT 


BARREL-LENGTH 
VOID FREE 


CONNECTION 





PNEUMATIC POWER CRIMPING TOOL 


Portable or bench mounted... use it in 
the shop or on the job for top production 


MONEY SAVER 


SAVE UP TO 15% RETURN THE COUPON TODAY! 
WITH SHERMAN 





H. B. SHERMAN MFG. CO. 
Battle Creek, Michigan 


Show me how | can save up to 15% with your — 


[_]LuGs [] CRIMPING TOOL [_] BOTH 





SHERMAN A eg SHERMAN 
= UNI-CRIMP “ST” LUG 
a LUG 
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ORMITE 
COMPONENTS 


TANTALUM 
CAPACITORS 


PRECISION 
RESISTORS 


Write on company letter- 
head for your personalized 
copy of Ohmite Catalog 
and Engineering Manual 
No. 58. 


OHMITE 

Manufacturing Company 
3635 Howard Street 

Skokie, Illinois, U.S.A. 


High power vibrator and “high shock" test equipment enable Ohmite 
to develop components for the most severe military applications. 





RELAYS 


TAP SWITCHES 


For forward thinking . . . for new products to meet 
the needs of tomorrow . . . you can depend on 
Ohmite. Ohmite maintains a continuous program 
of research and development to explore new product 
ideas and to improve present products and processes. 
Furthermore, Ohmite’s superb laboratory facilities 
permit in-plant testing of its products to meet rigid 
military specifications. 


This unceasing research activity has kept Ohmite 
components truly “pacing the progress of industry.” 


rs 


‘R. F. CHOKES 


PRODUCTS SHOWN 
ACTUAL SIZE 


Ohmite has complete laboratory facilities where 
difficult customer application problems are studied 





Which of these 
SKF bearings 


fits the needs 
0s continually produces all of these : 
standard bearings—in countless sizes and of your design? 


variations—in production quantities. 
And practically all of them have exclusive 
features that benefit you. 


Take the spherical roller bearing, for example. 
Recently re-designed, it now offers 25 to 50% 
increased capacity and 2 to 34% times 

longer service life. Yet it’s a standard StF 
bearing—promptly available in over 130 
standard sizes ranging from 2.4” to 53.5” O.D., 
with every possible combination of seals, 
shields and adaptors to 

meet your specifications. 


But why not get full 
details on this—or any 
other— &t¢P bearing? 
Each is made to do an 
efficient, economical job 
for you. Call any one 

of the 25 S&F sales 
offices today. 590 


Cylindrical 
Roller Bearing 


Yo) sl-taler-1Mencelil-tam =1-1- Lala) -4 


Single Row 
BT -y-tem Clacleh]-m =1-F-lalal-4 


EVERY TYPE EVERY USE 


okKF: 


INDUSTRIES. INC... PHILADELPHIA 32. PA 


Spherical, Cylindrical, Ball, and Tyson Tapered Roller Bearings 
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Some Ideas m 


R- 
iN 
Y£D IN 


Now you see it now you don't 
ter sharply, erase completely on the K&k 


The K&E ‘‘ Engineered Surface" 


All K&E paper, cloth and film has one 
extremely individual characteristic. It’s 
what K&E calls its “engineered surface”... 
a unique surface designed and applied by 
K&E, right in its own plant, to every roll 
and sheet of prepared tracing paper, cloth 
and film. It means controlled drafting qual- 
ities far beyond anything the base material 
alone can normally provide, with a surface 
tooth that’s exactly right and uniform. 
Whatever's penciled, inked or typed onto 
it goes on crisply and sharply ... shows up 
clearly and stays that way. Furthermore, 
the “engineered surface” lets you erase if 
you want to, easily and quickly and with- 
out any of those leftover ghost lines that 
drive you crazy when they show up in re- 
productions. And remember, only with 
K&E do you get all the advantages of an 
“engineered surface,” no matter which pa- 
per, cloth or film you're interested in. 


About HERCULENE (t™ 
The Newest of Films 


Frankly. we think K&E Herculene Draft- 
ing Film is a real discovery. It has all the 
properties of the K&E “engineered surface” 
.. exceptional “take,” adhesion and erasa- 
bility... plus the toughness and durability 
of its Mylar® base. What’s the latter? It’s 
a polyester film, developed by DuPont, 
that’s uncommonly strong and virtually 
indestructible . . . waterproof and almost 
immune to the effects of age, heat, ultra- 
violet exposure and handling. With our 
K&E “engineered surface” added, it be- 


comes K&E Herculene Drafting Film... 
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your file of practical information on drafting and reproduction 
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Pencil, ink and typing all regis- 
“engineered surface.” 


the toughest, most durable drafting medi- 
um yet to reach the drafting room. And 
the surface will last indefinitely, without 
flaking off or chipping off. 


Some Points About Paper... 


K&E Albanene® Tracing Paper is the larg- 
est selling tracing paper in the world today. 
Why” Because Albanene is the only pre- 
pared tracing paper which has an “engi- 
neered surface.” All other brands depend 
for their pencil tooth solely on the natural 
surface texture of the paper itself. which 
varies from fine to coarse ... often on the 
same sheet. 


Albanene invariably gives you sharp, clear 
pencil lines, superb reproductions. It has 
a solid transparentizer that is chemically 
stable and can't leak out, ever. This per- 
manent transparentizing means that you'll 
never get white, opaque spots, even from 
contact with drafting tape. Try the draft- 
ing tape test yourself. 


KE | 
| 
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...and its package 


And now, all Albanene paper in rolls is 
packaged in the new square carton for 
better protection and easier storage. Your 
rolls stay neat and clean while in use, and 
the cartons will do double duty in helping 
you to store finished tracings. In fact, some 
companies are rearranging their filing sys- 
tems by using Albanene cartons, which 
hold large numbers of rolled-up drawings 
and stack simply and neatly. 


Some Facts About Cloth 


When you want cloth, think first of K&E 
Phoenix” Tracing Cloth. Besides the K&E 
“engineered surface” with the superb 
“take”, adhesion and erasability for pencil, 
ink or typing, K&E Phoenix has all the 
advantages of a water-resistant, chemical- 
ly-inert coating that won’t soften even un- 
der high heat and won't discolor, become 
brittle or flake off the base. You can even 
clean both sides with a damp cloth, without 
worrying about moisture stains. 


And Some Tips On Erasing 


All K&E drafting media give you excellent 
erasability, but there’s a right way to erase 
on each one. On cloth and film, harsh, 
gritty erasers can destroy the surface. 
You'll get the best results with plastic 
erasers, such as the Richard Best “Tad” 
and the Eberhard Faber “Race Kleen.” 
Moisten them for removing ink and stub- 
born typing; use them as they are for re- 
moving pencil lines. Large areas of ink can 
be removed completely without damage by 
using a moist cloth and Bon Ami cleanser. 
On Albanene, electric erasing machines are 
fine if used with a soft eraser. 


The Choice Is Up To You 


When it comes to selecting K&E paper, 
cloth or film for the job at hand, we have 
to leave the choice to you. We're not being 
indecisive . .. it’s just that you're the only 
one who knows the particular problem you 
have and which product solves it best. But 
remember... K&E has a complete line of 
paper, cloth and film...and only K&E 
puts a special “engineered surface” on all 
three media to provide a well-balanced, 
uniform surface suited to the base material. 


ee 


O K&E Herculene 
Name & Title 
Company & Address 


KEUFFEL & ESSER CO., Dept. EM-3, Hoboken, N. J. 
Please send me more information and samples on the following: 


OO K&E Albanene 


00 K&E Phoenix 


277 
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ESCO standby power supplies... 





when you can’t take time out for emergencies. 


Aboard the Nautilus, under polar ice or ocean batteries charged from the regular 400-cycle 3-phase 
depths, you can’t take time out while you trouble- supply. But should this falter or fail, the ESCO 
shoot power failures — specially in such a primary unit immediately switches to emergency operation. 
means of navigation as the Sperry Mark 19 Gyro- _—_— The generator becomes a motor, and the motor a 
Compass sytem. It must keep track of heading and generator, to prov ide uninterrupted 400-cycle power 
attitude for weeks at a time without interruption, for the Mark 19 from the emergency batteries. 


and that calls for a foolproof standby power source. . 
” The surest way to meet any exacting motor or 


For this exacting job, Sperry turned to a specially- generator problem is to specify equipment that’s 
designed ESCO motor-generator. Under normal specifically designed for the job — ESCO 
conditions this standby equipment keeps emergency equipment. Write for design brochures today. 


etary sfegiatry CO. 171 South Street, Stomford, Connecticut 
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Why do 


specify 
RCA Industrial 
Preferred-Type Tubes? 


The answer to this leading question, Mr. Designer, 
is contained in the following four straightforward reasons: 


| Lower tube costs can be achieved by concentrating 
on fewer types. This concentration makes possible 
lower tube production costs, lower warehousing and 
Sah = stocking expense—all of which can contribute to 
pie lower prices to equipment manufacturers. 


> 
ig Greater uniformity of tube quality can be realized 


because manufacturing skills increase—through 
if longer tube production runs of fewer types. 


Fewer types of circuit components—through the use 
of fewer types of tubes—enable you to standardize 
on fewer accessory parts such as transformers, 
capacitors, resistors. Benefits to you: Savings in 
purchasing, stocking, and renewals. 


9 


4 Better tube availability supports continuous 


© customers will be glad to know that when 
1 replacement tubes are needed, they are readily 


i" available from RCA Industrial Tube Distributors. 
«. 


RADIO CORPORATION OF AMERICA 


— @ Electron Tube Division Harrison, N. J. 


Visit the RCA Exhibit at the New York 
IRE Show, Booths 1602-4-6, 1701-3-5-7 







production of equipment. And that’s not all. Your 





So when you are specifying tubes for 
the industrial equipment on your 
drawing board, find out how RCA In 
dustrial Preferred-Type Tubes can 
improve your product picture. Call 
your RCA Field Representative to 
discuss the RCA Industrial Preferred 
Tube Types best suited for you 


ACA 


plication. 


Free chart on RCA Preferred 
Type Tubes for industrial 
applications. For your copy, 
write RCA Commercial 
Engineering, Section ( 1-( 
Harrison, N. J 


RCA Field Representatives are here to help you 
INDUSTRIAL TUBE PRODUCTS SALES 
Newark 2, N.J., 744 Broad Street, HUmt dt 5 
Chicago 54 
Merchandise Mart Plaza 





Detroit 2, Michigan, 714 New Center Bidg 
TRinity 5-56 
Los Angeles 22, Calif 355 E. Wash jton Biv 
RAymond 3-836 
GOVERNMENT SALES 
Newark 2, N. J 744 8B 
Dayton 2, 0 
Washington 
District 7 





<> NEW PLASTICS inspire new product designs 


The news columns have been filled re- 
cently with rapid-fire developments in 
thermoplastic materials . . . materials that 
hold promise for the improvement of hun- 
dreds of products, both old and new. As 
these stories break, you'll notice a high 


terial. Take Zerlon* 150. A few weeks ago 
Dow introduced this weather resistant, 
optically clear plastic with an exciting 
new range of cost-saving properties. 
Several other news-makers in the com- 
plete Dow line are discussed on these 





percentage of them featuring a Dow ma- 


pages. 
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“AGELESS” STYRON 480 GIVEN LIFETIME 
GUARANTEE IN NEW SUPERMARKET TOOL 


The housing of this new Cube Steak 
Tenderator is guaranteed for the life of 
the machine. This is a generous guar- 
antee to make on equipment in rough 
and tumble supermarket service, but the 
manufacturer isn’t worried .. . he knows 
the housing is made of Styron® 480. 
This versatile thermoplastic was chosen 
because it’s durable and highly resistant 
to meat juices, has super high impact 


strength, an easy-to-clean surface. 


The excellent aging characteristics of 
Styron 480 were also an important con- 
sideration. In fact, the lifetime guarantee 
could not have been made without them. 
Fabrication was simplified and produc- 
tion costs substantially reduced by 
switching to plastic. 


The housing made of Styron 480 is an 


excellent example of how Dow plastics 
help make good products better. An in- 
creasing number of manufacturers are 
selecting from the extensive Dow line 
of eight basic thermoplastics and dozens 
of specialized formulations. And you get 
extras from Dow you can’t buy on a 
cost-per-pound basis: technical service, 
marketing assistance and a color styling 
service that’s second to none. 


THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN 
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Ready for the sales 
countdown... 
with this abacus made of Styron 475 


A prominent publishing house markets 
this attractive, highly useful educational 
tool. It’s made of polyethylene and 
Styron 475, a high impact Dow plastic 
with excellent dimensional stability, de- 
sign flexibility and moldability to spare. 
This abacus was developed for the pub- 
lisher by a custom molder who oifers 
integrated design, engineering and pro- 
duction services. It’s another example 
of how creative engineering utilizes the 
many benefits of Dow plastics in new 
product designs. 

... and this adding machine housing 
molded of Styron 440 

Outstanding impact strength, design 
versatility and a wide range of colors 
make Styron 440 an obvious choice for 
this application. The housing is easy to 
keep clean and its high resistance to heat 
prevents distortion when the machine is 
displayed in direct sunlight. Styron 440 
also eliminated the extra fabrication and 
finishing operations that were necessary 
with the material previously used in the 
housing. The surface is smooth and 
polished when removed from the mold. 


4 MORE PRODUCTS 


fashioned from America’s first family of thermoplastics 





ETHOCEL. “The aristocrat of plastics,” 
Ethocel® provides exceptionally high impact 
strength for this compact transit. Its superior 
dimensional stability helps keep the lens posi- 
tioned in the one right place. 


STYRON 440. This new speaker housing for 
auditorium walls utilizes many of the proper- 
ties of versatile Styron 440: Excellent large- 
area molding characteristics, a surface that 
requires no finishing. 


FOR MORE INFORMATION about the versatile Dow plastics and the product 
designs discussed on these two pages, write to us today. THE DOW CHEMICAL 
COMPANY, Midland, Michigan, Plastics Sales Department 1510AZ3. 


Industrial Molding Materials « Packaging Materials « Paint and Coating Materials « Building Products 


TYRIL. Characteristics such as beauty, strength 
and resistance to perspiration make Tyril® 
the ideal choice for this pen and pencil set. 
Tyril also provides excellent moldability for 
intricate details such as threaded sections. 


TYRIL. This transistor radio housing made of 
Tyril has toughness, dimensional stability and 
a wide range of colors. Excellent electrical 
properties are other benefits of this outstand- 
ing Dow thermoplastic. 
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SPECIAL REPORTS ON FINISHING 
NON-FERROUS METALS 


NUMBER I1!—Lustrous, Corrosion-Resistant Finishing with 
Chemical Polishing Iridite 


Chromate conversion coatings are wide- 
ly accepted throughout industry as an 
economical means of providing corrosion 
protection, a good base for paint and de- 
corative finishes for non-ferrous metals. 
Certain of these coatings also possess 
chemical polishing abilities that have lus- 
ter-producing, as well as corrosion-inhib- 
iting, effects on zinc and cadmium plate, 
zinc die castings and copper alloys. How- 
ever, continued developments in this field 
have been so rapid that many manufac- 
turers may not be completely aware of the 
breadth of application of this type of fin- 
ish. Hence, this discussion of the many 
ways in which this chemical polishing 
characteristic can be used in final finishing 
or pre-plating treatments to produce a 
lustrous appearance with distinct display 
and sales appeal and appreciable savings 
in cost. Report I on decorative, corrosion- 
resistant finishes and Report II on paint 
base corrosion-resistant finishes are avail- 
able on request. 


The degree of luster possible on a sur- 
face is a function of the degree to which 
the surface can be smoothed. Leveling to 
provide a smooth surface can be achieved 
by mechanical or chemical means, or a 
combination of these, depending upon the 
luster desired and the original condition of 
the metal. Chemical polishing effectively 
imparts luster otherwise difficult and cost- 
ly to obtain. For this reason, it is often 
used to supplement or entirely replace 
mechanical polishing, depending upon the 
application and the original condition of 
the metal. Chemical polishing has the 
additional advantage of providing overall 
treatment of the submerged part. It 
reaches into even the deepest corners and 
recesses that are otherwise inaccessible. 
Certain of the Iridites are specifically de- 
signed to perform this chemical polishing 
operation. Also, they provide corrosion 
protection as do all Iridites, thus may be 
used as a final finish or a pre-plating polish. 
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WHAT IS— ARIDITES ? 


If Iridite is to be used as a final finish, in 
contrast to pre-plating treatment, the 
chromate conversion coating generated is 
allowed to remain, providing good corro- 
sion resistance. Color inherent in these 
Iridite films ranges from a yellow cast to 
yellow iridescent. These coatings may be 
used without further treatment where this 
color is acceptable and good corrosion re- 
sistance is desired. Further, these basic 
coatings can be tinted by dyeing. Among 
the dye tints available are shades of red, 
yellow, blue and green. If desirable, the 
basic coatings can also be modified by a 
bleach dip leaving a clear bright or blue 
iridescent finish. In all cases bleaching 
reduces corrosion resistance. 


As examples of this type of final finish- 
ing, Iridites #4-73 and #4-75 (Cast-Zinc- 
Brite) make possible for the first time, 
lustrous chemical polishing of the as-cast 
surface of zinc die castings. Thus, in 
many cases, sizeable savings in finishing 
cost are realized by elimination of plating 
costs. This economical method can be 
used on tools, appliance parts, toy pistols, 
locks and many other small castings. 
Another example is the treatment of cop- 
per and brass parts, such as welding tips, 
to eliminate buffing and provide addition- 
al corrosion resistance. In many cases, 
handling costs are reduced appreciably by 
replacing piece-part handling with bulk 
processing. Still another example of the 
use of this chemical polishing and protect- 
ive quality of Iridite is a simple system of 
zinc plate, Iridite and clear lacquer instead 
of more costly electroplated finishes. Typ- 
ical of this type of lustrous finish are 
builders hardware and wire goods. 


As a pre-plating treatment, in contrast 
to final finishes, Iridite can be used to 
chemically polish zinc die castings or cop- 
per prior to plating. In such cases, Iridite 
should be applied as an in-process step, so 
that the protective film is removed before 
the plating cycle. The savings in hand- 
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ling, material and labor costs are obvious. 
This process has made it practical to plate 
chrome directly over copper on steel, con- 
serving nickel, yet producing a lustrous 
chrome finish. Used after stripping faul- 
ty plate in reprocessing zinc die castings, 
Iridite restores luster to the casting, 
thus making possible replating without 
blistering. 


Other Iridite finishes are available to 
produce maximum corrosion resistance, 
a wide variety of decorative finishes and 
excellent bases for paint on all commercial 
forms of the more commonly used non-fer- 
rous metals. As a final finish, appearance 
ranges from clear bright to olive drab and 
brown and many films can be bleached or 
dyed. As a paint base Iridite provides 
excellent initial and retentive paint adhe- 
sion and a self-healing property which pro- 
tects bare metal if exposed by scratching. 
Iridites have low electrical resistance. 
Some can be soldered and welded. The 
Iridite film itself does not affect the dimen- 
sional stability of close tolerance parts. 


Iridites are widely approved under both 
Armed Services and industrial specifica- 
tions because of their top performance, 
low cost and savings of materials and 
equipment. 


You can see then, that with the many 
factors to be considered, selection of the 
Iridite best suited to your product de- 
mands the services of a specialist. That’s 
why Allied maintains a staff of competent 
Field Engineers—to help you select the 
Iridite to make your installation most effi- 
cient in improving the quality of your 
product. You'll find your Allied Field 
Engineer listed under ‘“‘Plating Supplies” 
in your classified telephone book. Or, 
write direct and tell us your problem. 
Complete literature and data, as well as 
sample part processing, is available. 
Allied Research Products, Inc., 4004-06 
East Monument Street, Baltimore 5, 
Maryland. 
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“STAR-LINE’ CONNECTORS 


WITH NEW MOD. 2 INSERTS FOR 
HIGH-SPEED, RELIABLE TERMINATION 




















1. Individual contacts are crimped to wires outside connector by a 
semi-automatic tool, then, for assembly, inserted one by one into in- 
sulation with crimped joint intact. 


2. Contact retention ability of resilient insulation exceeds the require- 
ments of MIL C-5015-D even after many reassemblies. 


3. Failures due to faulty wire termination are eliminated by the single 
crimped joint which is stronger than the wire itself... and superior 
mechanically and electrically to a solder joint. 


4. Simplicity of wire termination greatly reduces errors in circuitry. 
Changes in circuitry are simple and speedy. 

5. Upto100 poles for wires sizes 16, 12 or 10, with no sacrifice in environ- 
mental resistance, or ability to meet and exceed MIL C-5015-D in Class 


A, B, C, E and R. 


6. Two-piece Mod. 2 insert is interchangeable within Standard Pyle- 
Star-Line barrel shells with three-piece Mod. 1 insert. 

Mod. 1 inserts for wire sizes up to 4/0 are available for disconnect and 
for current rupturing service. 





Environmental Limits of Pyle-Star-Line connectors 


_Temperature ; j ~—80 F. to 225 F. 


_ Pressure | 300 PSI External, 200 PSI Internal 





__ Chemical Resistance Most acids, _ most ‘alkalis, oil : 
_ Corrosion Resistance Salt Spray: 300 days without failure 
__ Dust Resistance Exceed requirements of MiL c- 501 5D 
Mod. 2 Insert, 19-Pole _ Shock Resistance _— 50G Minimum , 
Vibration — Exceed 20G to Method Il of Mil C-5015D 
_Humidity & Moisture Resistance Exceed Class E. Spec. of Mil C-5015D 


Air Leakage ~ Meet Class E Spec. of Mil | C-5015D 


with metal housing removed 














THE en Write for complete specifications: 


PYLE-NATIONAL 1388 North Kostner Avenue, Chicago 51, Illinois 


Branch Offices and Agents in Principal Cities of the U.S. and Canada 
Railroad Export Department: International Railway Supply Co., 30 Church St., New York 7, N.Y 


Cc oO Baas PA ae Vv Industrial Export Department: Rocke International Corp., 13 E. 40th St., New York 16, N Y 
Canadian Agent: The Holden Co., itd., Montreal 


WHERE QUALITY IS TRADITIONAL CONDUIT FITTINGS - MOTOR CONTROLS + SWITCHES + LIGHTING FIXTURES + FLOODLIGHTS 
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General Electric Semiconductor News 


New prices, new circuits for 


AC PHASE CONTROLLED SWITCH 
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FOUR BASIC CIRCUITS. Above are four basic designs for the Controlled Rectifier using the unijunction transistor 
as the firing means. The unijunction is a precision trigger. putting out short. high current pulses. The frequency of 
these pulses will not vary with the supply voltage or temperature, yet can be variably controlled with a silicon triode 
from a low level feedback signal. Unijunction firing circuits are easily synchronized with 60 cycle line frequency. 
In short, the unijunction provides the simplest and least expensive means for precision firing of the Silicon Con- 
trolled Rectifier. 

General Electric’s new silicon medium-current rectifiers, Types 1N2154 thru 1N2160, are ideal as companion 
devices to the controlled rectifier for reverse-voltage protection and, also, for applications in full-wave circuitry. 


SAMPLE LIST OF POWER 
HANDLING AND OTHER JOBS 
THAT CAN NOW BE DONE 
BETTER BY THE G-E 
CONTROLLED RECTIFIER 


ELECTRICAL MANUFACTURING 








revolutionary G-E Controlled Rectifier 


“Controlled rectifiers may revolutionize the electrical industry.” This state- 
ment was made a year ago by a respected news publication. Since then 
samples have been studied by hundreds of firms. Many new circuits have 
been developed which promise important improvements in functions, reli- 
ability, simplicity, accuracy and lower cost. In just one year prices have been 
reduced 75 percent (see chart below). And now, the G-E Silicon Controlled 
Rectifier is a standard, production-line item, warranted in writing and avail- 
able at sharply reduced prices. 

This is the time for design engineers to exploit the inherent advantages of 
the Silicon Controlled Rectifier in their circuit designs. Many applications 
are proved... the firing circuits have been refined ...the product line is 
stabilized... and it makes sound economic sense. Call or write your G-E 
Semiconductor Sales Representative for complete details. The Controlled 
Rectifier is also available from many local G-E Distributors. 

HOW THE G-E CONTROLLED RECTIFIER WORKS. The Silicon Controlled Recti- $300 

fier is a three junction semiconductor device for use in power control and 
power switching applications requiring blocking voltages up to 400 volts 
and load currents up to 16 amperes. Series or parallel circuits may be 
used for higher power applications, 

The G-E Controlled Rectifiers reverse characteristic is similar to a $25 
normal silicon rectifier in that it represents essentially an open circuit 
with negative anode to cathode voltage. The forward characteristic is such $225 
that it will block positive anode to cathode voltage below a critical break- 
over voltage if no signal is applied to the gate terminal. However, by ex- $200 
ceeding the forward break-over voltage or applying an appropriate gate 
signal the device will rapidly switch to a conducting state and present the 


characteristically low forward voltage drop of a single junction silicon 
rectiher, 


$275 


An actual price picture 
of the G-E C35B (200V) 
controlled rectifier 


DETAILED NOTES are available on the application of the G-E Silicon Con- 
trolled Rectifier, plus reprints of articles that have appeared in technical 
journals. Write to Section 820359, Semiconductor Products Dept., General 
Electric Company, Electronics Park, Syracuse, New York. 


STEADY PRICE DROP. Since its introduction one year ago, the price of the 
typical G-E Controlled Rectifier has dropped more than 75 percent. This 
results from improved manufacturing techniques and volume production. 
The G-E Controlled Rectifier is now a production-line item, warranted 
in writing for one year and subjected to the same quality control tests 
imposed on all General Electric transistors and rectifiers. 


The G-E Controlled Rectifier is also available at even less cost (ZJ39L series) for 
use at 100°C and below, with currents up to 10 amperes Jon FMAMJJASONDJIFEFM 


1958 1959 
MAXIMUM ALLOWABLE RATINGS (Resistive or Inductive Load) 





C35F C35A C35G C35B C35H Cc35C C35D 
Continuous Peak Inverse Voltage (PIV) C ‘ 206 250 300 M06 <cit 
Transient Peak Inverse Voltage (Non-Recurrent< 5 millisec.) § 0 225 
RMS Voltage (Vems), Sinusoidal ? £ 70 105 
Average Forward Current (Ir Up to 1é 
Peak One Cycle Surge Current (Isurge) 
Peak Gate Power 
Average Gate Power 
Peak Gate Current (Ic 
Peak Gate Voltage (Vc) (forward) 
Storage Temperature 
Operating Temperature 


5n , ene 





CHARACTERISTICS (At Maximum Ratings - €35U C35F C35A C35G C35B 4 C35H C35C C35D 
Minimum Forward Breakover Voltage (Vso) : 50 0 50 206 250 300 400 volt 
Maximum Reverse (Ix) or Forward (Is) Leakage Current (Full Cycle Average) é 6.5 é 5.0 5.5 5.0 4 
Maximum Forward Voltage (V+ ave) 0 ts (F Avera 

Maximum Gate Current To Fire (Icr 

Maximum Gate Voltage To Fire (Vcr) 

Typical Gate Current To Fire (Icr) 











ZJ39L Series—lower cost series with ratings similar to above, but for use up to 100°C maximum, with forward current ratings up to 10 amperes. 
Z4J50 Series—a high-current series now in development, and available on a prototype-sample basis. 
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ELECTRICAL PRODUCTS 


PeRmacet New Brunswick, N. J. TAPES « ELECTRICAL INSULATING MATERIALS « ADHESIVES 
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Want 
temperature- 
stable 
overcurrent 
protection? 




















HEINEMANN CIRCUIT BREAKERS GIVE YOU CURRENT RATINGS 
AND TRIP POINTS INDIFFERENT TO AMBIENT HEAT AND COLD 


Hydraulic-magnetic actuation is responsible for the 
Heinemann circuit breaker’s exceptional temperature 
stability. This type of magnetic current sensing is 
completely independent of thermal effect. Result: 
the breaker will always trip predictably, according to 
specification . . . will always carry its full, rated 
nameplate current. De-rating — or any sort of tem- 
perature compensation — is absolutely unnecessary. 
The rating. is permanent. And because the circuit 
breaker does not have to be replaced, this rating be- 


comes a permanent part of the protected equipment 


. . Virtually a guarantee against mistakes or misuse. 
Doesn’t it seem reasonable that such thoroughly 
reliable, foolproof overcurrent protection might just 
be best for the equipment you make? This degree of 
protection permits you to reduce costs by engineering 
for normal operating conditions. Let the Heinemann 
circuit breaker worry about abnormal conditions. 
Some further investigation on the subject could 
repay you handsomely. A good start: the Heinemann 
Circuit Breaker Engineering Guide, Bulletin 201. 
It contains much useful information. Send for a copy. 


HEINEMANN ELECTRIC COMPANY <@> 99 PLUM ST., TRENTON 2, N.J. 


S.A, 1666 
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STA-RITE PRODUCTS, INC., prominent 


pump builder, powers their product 
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A. O. Smith motors on their oil burners 
and boilers. Motor shown is hp, single 
phase, 115° 230V model 




















AIRTEMP DIV., Chrysler ( 
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ROPER HYDRAULICS CO., 
drives their line of pumps with A. O. Smith 
fractionals ranging from ‘/« to | hp. Unit 


shown has '/2 hp motor 


“standard 
fractionals 


Custom-tailored “standards” 


Your A. O. Smith motor man can show you over 
1000 “‘standard” fractionals—rigid or resilient base 

. single or polyphase . . . with 56 or 66 NEMA 
frames... horizontal or vertical mounting . . . capac- 
itor-start or polyphase induction . . . or with almost 
any electrical or mechanical modification needed. 


Naturally, like all A. O. Smith motors, the frac- 
tionals are quality-built and engineered in every 





HARNISCHFEGER CORP., 
on their AA-1 Zip-Lift Electric Hoist 
Smith motors such as this special 

phase, 220 440V mode 


2s A.O 


2 hp, three 


=e 
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respect. Furthermore, because A. O. Smith “stocks” 
such a wide variety of fractionals, you can probably 
get a motor tailored to your exact requirements — 
needing only minor modifications. That means you 
not only save board time but you speed delivery! 


Why not contact your A. O. Smith motor man now? 
Get the complete story on fractionals as well 
as A. O. Smith's complete line of integrals, hermetics 


and other types of motors 3 to 800 hp. 


...@ better way 


Through research . 


A 


ud 
we 2 
— 9. FP te oe es 8 ee 
ELECTRIC MOTORS 
Tipp City, Ohio 


nternational S. A 
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Now...all sizes and shapes 
of SX Magnet Wire 


for every ‘“‘hot spot’’ application 





Rounds, squares and rectangulars also available 
with single and double glass coverings 


. 


Thermalex-F, a Class F (155°C) magnet wire insu- 
lation developed by Essex, is now available in round 
wire from 11 to 50 AWG size and all Formvar 
sizes of square and rectangular. This full size range 
gives every manufacturer the versatility he needs 
in one insulation type for his exact application! 


THE WIRE DESIGNED WITH THE FUTURE IN MIND 
® 


Magnet Wire Division 
ESSEX WIRE CORPORATION 
VERSATILE GENERAL PURPOSE APPLICATION 


Thermalex-F is not a special wire but Fort Wayne, Indiana 
has properties required for a general OUTSTANDING THERMAL STABILITY Manvfacturing Plants: Birmingham, Ala.; Anaheim, Col.; 
purpe application and can be used A.1.E.E. #57 “Procedure for Evaluation Fort Wayne, Ind.; Hillsdale, Mich. 
igh the 105 C-155 C temperature of the Thermal Stability of Enameled , . 
Class A applicationsaswellas Wire” which is an accepted test, indi- National network of Warehouses and Sales Offices 


inating the need for buy- cates a 30,000 hours life at 170°C for .++ Call your local “Essex Man.” 
n one type of magnet wire. unvarnished specimens. 


N 4 : 
\ | THERMALEX-F 


Circle 135 on page 17 ELECTRICAL MANUFACTURING 





MAKCH 1959 


BETTER IN MORE WAYS 

THAN ANY OTHER PLASTIC! 

¢ Superior Impact Strength—even at Low 
Temperatures 

e Rigidity—even at High Temperatures 

¢ Hard, Glossy Surface 

° Corrosion, Stain Resistance 

e Wide Range of Colors 

¢ Good Electrical Properties 

¢ Dimensional Stability 

¢ Outstanding Performance 


Products of 


COLAC 


THE TOUGH, HARD ABS ptastic 
from BORG-WARNER 


fotune ! 


@ Cycolac brings you new economy and 
greater performance per dollar because of its 
unique combination of properties. It is tough, 
rigid—has superior impact resistance, even at 
extreme temperatures. Its hard, glossy surface 
resists stain and corrosion to an unusual de- 
gree. And Cycolac gives you all of the design 
advantages and moldability of plastic plus the 
economies of high-speed injection molding 
or vacuum forming. 


WRITE FOR OUR INFORMATIVE BROCHURE TODAY! 


Marbon 
CHEMICAL 
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RHEOSTATS 5 


NOW 11 Sizes! 12% to 1000 Watts 


Ohmite offers you industry's most complete line of 
rheostats. All sizes are available from stock in a 
wide range of resistance values, including the 
NEW Model “E.” Ten sizes are available to meet 
MIL-R-22A requirements in each of the 26 type 


designations. 





16 Quality Engineering Features: 


. Vitreous enamel bonds the core and 
base together into one integral unit. 


. The wire is wound over a solid porce- 
lain core, and each turn is locked 
against shifting by vitreous enamel. Uni- 
form or tapered winding. 


. Close graduation of control. Each turn 
of wire is a separate resistance step. 


. Large, flat surface upon which the con- 
tact brush rides. 


. Metal-graphite contact brush (varied to 
fit current and resistance) insures good 
contact, with negligible wear on the 
resistance wire. 


. Shunt pigtail of ample size carries the 
current directly to the slip-ring. 


. Large slip-ring of high-current carrying 


BE RIGHT WITH 


ability minimizes mechanical wear and 
provides connection from the moving 
contact to the terminal. 


. Potentiometer use. The rheostats are 


provided with three terminals so they 
can be used as potentiometers or volt- 
age dividers. 


. High strength ceramic hub insulates the 


shaft and bushings from all live parts. 
All sizes will stand a 3000 volt a-c 
breakdown test to ground. 


. The contact arm is a long tempered 


steel spring which assures uniform con- 
tact pressure at all times. Cadmium- 
plated for corrosion resistance. 


. Rounded pivot holds contact brush in 


flush-floating contact with wire. 


. Stops which are keyed to the shaft and 


we 
YS 


\ 


\ 
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LARGE RHEOSTAT 
DESIGN MODELS P, 
N, R, T, AND U: 225 
WATTS TO 1000 
WATTS, INCLU- 
SIVE. OTHER MOD- 
ELS ARE SIMILAR. 


base limit the rotation—thus no tor- 
sional strain is imposed on the contact 
arm on stopping. 


. Compression spring maintains uniform 


pressure and electrical contact between 
slip-ring and center lead at all times. 


. Models H, J, G, K, and L: Phosphor- 


bronze retaining ring takes end-thrust. 
Models P, N, R, T, and U: Stop washer 
takes end-thrust. Steel shaft in brass 
bushing provides a wear-resistant, wob- 
ble-free bearing. 


. Ohmite rheostats meet requirements of 


NEMA and EIA (formerly RETMA). 


. There are only ceramic and metal in the 


construction of Ohmite rheostats— 
there is nothing to char, burn, shrink, 
or deteriorate. 


RHEOSTATS RESISTORS RELAYS 
TAP SWITCHES TANTALUM CAPACITORS 
R.F.CHOKES VARIABLE TRANSFORMERS 


re) @ OHMITE MANUFACTURING COMPANY 
3613 Howard Street Skokie, Illinois 
Components 
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Haydon, 
~» HOURS 
AND TENTHS , 
© © 
ELAPSED TIME 
INDICATOR 


ED-71 
Compact, low-cost instrument 
for machine tools, 
communications equipment and 
other commercial applications 
where an accurate record of 
operating time is desired. 

Time Registered: 9,999.9 hours. 
Weight: 5 oz. Voltages: 120 or 
240 v, 60 cps. Power Required: 
2.5 watts at 120 v, 60 cps. 








It takes a TEAM 


to solve timing problems 


The control of time is an extremely complex science 
that demands a thorough knowledge of many individ- 
ual technologies. For this reason, Haydon maintains 
a team of engineering specialists to provide the reser- 
voir of skill, knowledge, experience, and creative abil- 
ity necessary to solve industry’s timing problems. 


When you submit a timing problem to Haydon, it’s 


handled by a team of specialists — not an individual 
engineer. And you can be sure the Haydon Timing 


Team is equipped with all the electric, electronic, me- 
chanical and manufacturing know-how needed to 
analyze your requirements and develop the best possi- 
ble new or modified timing unit for your specific 


application. 


Correctly designed and efficiently manufactured, 
Haydon timing devices are exhaustively tested before 


release to a customer. The results are uniformly high 


quality devices that are known for fine performance, 
and long life. May we put our Timing Team to work 


for you? 

A few units from the complete Haydon line are shown 
at the right. Send now for further information, out- 
lining your requirements. 


DIVISION OF 
GENERAL TIME CORPORATION 





+ 


af 
TIMING MOTORS 


A complete line of synchronous, 
compact timing motors, speeds 
from 1/60 to 60 rpm. 
Guaranteed torques from 6 
ounce-inches to 30 ounce-inches 
at I rpm. Voltage ranges 
103-132 and 206-264 vac, 


50 or 60 cps. 


INTERVAL TIMER 


Directly controls heavy duty 
electrical loads. Type AD can 
be supplied with up to 3 SPST 
switches. Type AT has 1 SPST 
switch only. Intervals available 
with dial and knob: 15, 60 and 
180 minutes. Intervals to meet 
your specific requirements can 
be supplied. Voltages: 120 or 
240 v, 50 and 60 cps. Switch 
Rating: 28 amps, 250 vac 





| 


AT TORRINGTON 


2527 EAST ELM STREET 
TORRINGTON, CONNECTICUT 


non-inductive; 1 hp, 240 vac. 


Headquarters for Timing 
Circle 138 on page 17 
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Simulated field service tests, consisting of thousands of start- 
stop cycles, are part of the regular Quality Control pro- 
cedure. Samples are often tested far beyond 100,000 starts 


ACCELERATED LIFE TESTS at 
elevated temperatures are con- 
stantly in progress on samples 
from production lots of Mallory 





motor start capacitors. 


LECITRICAL MANUFACTURING 





..ePlus 25 Years 


Less than 0.19% field failures on Mallory Motor 
Start Capacitors ... assured by constant quality 


Mallory motor capacitors, 
outstanding for precise tol- 
erances, high temperature 
ratings and compact size, 
come in a broad range of 
ratings and designs... in- 
cluding the latest type with 
built-in bleeder resistor. 


control testing, correlated against 25 years of 
lab and field service data. 


The accelerated life tests, to which statistical samples 
of production lots of Mallory motor capacitors are 
subjected, have significance beyond the usual test data 
you're accustomed to evaluating. They have a direct 
bearing on the dependability you can expect of these 
capacitors in your appliances. i 

For over a quarter century, Mallory has been develop- 
ing and manufacturing motor start capacitors... 
testing them in our laboratories .. . gathering data on 
actual field service. From this mountain of statistics, 
we’ve been able to establish a sound correlation between 
capacitor performance on the test rack and in the field. 


In addition to quality control tests, every Mallory motor 
start capacitor gets three separate checks during pro- 
duction. Capacitance is measured as the cartridge is 
being rolled, to assure precise tolerance. Cartridges 
are over-voltage flash-tested before assembly. And 
completed units are checked for capacity and power 
factor. 


The result: field failures on Mallory motor start ca- 
pacitors are well under 0.1‘;. To assure long life and 
dependability that protect your product’s reputation 
and eliminate warranty period replacement costs, it 
pays to insist on Mallory. Call or write today for a 
consultation on your applications. 


MALLorY 


P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 
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DEVELOPMENTS IN NICKEL AND NICKEL ALLOYS AND THEIR APPLICATIONS 














Nickel-clad copper wire boosts plug reliability 

. provides high electrical, thermal conduc- 
tivity plus excellent oxidation resistance in 
center electrode. 


Inconel “713C” alloy stands up to fiery blast 
...this Inco Nickel Alloy, developed for tur- 
bine blades, is suitable for work in many high- 
temperature areas 





Ambient temperature ee oO 
up with advent of a bi-metal wire 
and 4 unique new Nickel alloys 


NEW YORK, N. Y. 


“hardware” 


The drive to conquer space is giving impetus to the development 
of spectacular materials for electrical 


materials capable of 


withstanding the high ambient temperatures and explosive environments often 


associated with million-pound thrust engines, missile re-entry, 


and the absence 


of convection cooling in near-perfect vacuums. 





“Half-pint” transformer good 
for 50,000 hours at 392°F 


Monel” nickel-copper alloy helps 
make it rugged and reliable 


ALPHA, NEW JERSEY: Miniaturization 
is advanced another step in the new 
“Hornet” power transformers made by 
New York Transformer Co., Inc. They 
are only one-fourth the size and weight 


Monel base plates on midget transformer give 
it strong, lasting support . resistance to cor 
rosion, hard knocks and fatigue cracking. 
Plates are readily stamped, formed, welded. 


of comparably rated Class “A” trans- 
formers, but have the same regulation 
and efficiency. 

One design feature that helps give 
50,000 hour life to these “little giants” 
is their stamped mounting plates of 
Monel alloy. This alloy is strong, tough 
and corrosion-resisting. It’s also re- 
sistant to oxidation, deformation, ther- 
mal shock and fatigue cracking at the 

rated 392°F, on up to 600°F. In fabri- 

cation, Monel alloy is readily stamped, 

aos soldered, welded. 

Pertinent Literature: Write for Inco 

Technical Bulletin T-5—“Engineering 

Properties of Monel and “R” Monel.” 
Circle 140 on page 17 
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ANCO, THE INTERNATIONAL NICKEL COMPANY, INC. - 67 Wall Street » New York 5, N. Y. 


RADE MARE 


¢9 


Nickel leads, welded 
directly to tantalum, 
boost capacitor ruggedness 


DALLAS, TEX.: For maximum reliabil- 
ity, new Texas Instruments tan-TI- 
cap capacitors depend on leads of 
Electronic-Grade “A”* Nickel. This 
strong, tough nickel wire, welded 
soundly and easily to the tantalum 
stubs, helps provide the good connec- 
tions needed to withstand mechanical 
and thermal shock. 

Electronic -Grade **A” Nickel is highly 
resistant to oxidation and corrosion. 
What’s more, it provides tight her- 
metic seals (note figure below) and 
speeds unit installation. Another Nick- 
el-containing material, Kovart nickel- 
cobalt-iron alloy, is also used to assure 
tight metal-to-glass seals. 

Pertinent Literature: Write for Inco 
Technical Bulletin T-15. 
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Lead wires of Electronic-Grade “A" Nickel 
strengthen this new tan-Tl-cap Solid Tantalum 
Electrolytic Capacitor 


Among these high-temperature ma- 

terials, a Nickel-clad copper wire and 
four Inco Nickel Alloys offer outstand- 
ing reliability. 
Nickel-clad copper wire. A metallurgi- 
cally bonded bi-metallic wire formed 
by sheathing copper wire with Elec- 
tronic-Grade “A” Nickel tubing, then 
drawing down to size. Finished wire 
combines the high electrical conduc- 
tivity of copper with the better oxida- 
tion resistance and strength of Nickel. 
Uses for this wire in operating tem- 
peratures around 1000°F include cen- 
ter electrodes in aircraft spark plugs 
(see photo far left), lead wires in dry- 
ing ovens and in electric furnaces. 

Nickel-clad copper wire is commer- 
cially available in several combina- 
tions of Nickel-to-copper percentages 
and with electrical insulation that can 
withstand 1000°F. Copper wire clad 
with other Inco Nickel Alloys is also 
available in many sizes. 

Inconel **713C”’* nickel-chromium cast 
alloy. Outstanding rupture strength 
up to 1700°F; exceptional thermal fa- 
tigue resistance. Excellent investment 
casting metal. (Photo middle left.) 
Inconel “702”* aluminum-containing 
nickel-chromium alloy. Provides excep- 
tional oxidation resistance at extreme 
temperatures up to2400° F. Mechanical 
properties are improved from room 
temperature to 1500°F by age harden- 
ing. Readily forged, machined, welded. 
Incoloy “901"* nickel-iron-chromium 
alloy. Delivers high tensile, creep, rup- 
ture strengths in the 1000° to 1400°F 
range. Can be joined to many alloy 
steels because of compatible thermal 
expansion characteristics. 

Incoloy ‘**T’’* titanium-containing 
nickel-iron-chromium alloy. Outstand- 
ing oxidation resistance up to 1700°F. 
Readily formed and welded. 

For names of producers of Nickel- 
clad copper wire who will gladly fur- 
ish full details, write to Inco now. 


For data on. Write for Folder No. 
Inconel “7 3C 5 
Inconel “ 702” } 
Inconel “901” red 
Incoloy “T” alloy 

*Registered trademark, The 
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Rigidity, simplicity and quietness are built-in 


features of Delco 48-frame motors 


Everything extra that Delco builds into its motors helps to make your product more 
reliable, more efficient. Furthermore, it helps to establish and maintain your reputation 
as a dependable manufacturer. This is good enough reason to make a wise choice in the 
motors you buy for your product. To help you make this choice Delco lists just a few 
of the extras that have made its 48-frame motor so popular with product manufacturers. 
EXTRA rigid end frames are sturdy die castings with heavy structural ribbing. Every 
Deleo motor is rock-rigid with perfect shaft and bearing alignment. j 
EXTRA simple starting switch consists of only three parts. This quiet. positive-action 
unit requires no lubrication, and cuts switch maintenance to a minimum. 
EXTRA quiet operation and long bearing life are provided by Del Os special lubri- 
cation system. A fluid compound of cellulose fibers and oil, containing 85% oil, 
keeps the bearing in a constant bath of lubricant. 
These three features add up to more motor for your money and long, trouble-free oper- 
ation for your product. Contact your Delco Products Sales Office soon and get full 
information on Beleo’s complete line of motors. 
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DELCO 
MOTORS 


Delco Products 
Division of General Motors, D 
APPLIANCE MOTO! 
INDI TRIAL, MOTOR 
HERMETIC MOTOR AND OCONTROI 
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Design better products with 


SILIGCONE-GLASS LAMINATES 


... high mechanical strength at Class H temperatures 


a ee 


Installing silicone-glass laminate slot sticks 
in the stator of an Allis-Chalmers 2-hp, 3- 
phase, 1750 rpm motor. A typical appli- 
cation for this motor is on an oven door 
opening device where ambient temperatures 
are 250 F. Silicone insulation assures maxi- P , 
mum reliability, long service life Insulating components made from glass laminates bonded 
with Dow Corning silicone resins provide the ultimate in 
dependable service and equipment life. Laminated parts, 
TYPICAL PROPERTIES such as slot wedges, coil dividers, barrier insulation, axial 
OF SILICONE-GLASS LAMINATES * spacers, and terminal boards retain their mechanical 
Flexural Strength, psi strength, high arc resistance, low loss factor and low 
at 25C - + + + + « 24,000 moisture absorption even after prolonged aging at 250C. 
t after 1 h i . . . 
PO ractoong beached aslincnns pen Silicone-glass laminates are easy to machine, easy to install. 
Electric Strength, volts /mil Available in tubes, sheets, punched or molded shapes from 
<i as * leading laminators. Write for new brochure on “Silicone 
after 200 hr a _— v . ‘ 99 
eta |. Insulating Components”. 
Dielectric Constant at 10? cycles 
Condition A 
Condition D? P 
Dissipation Factor at 10? cycles 
Condition A : 
Condition D? . ; 0.0084 





first in 





or 78 h thick silicones 
Ae eeeted on samples L/S tam Sate Dow Corning CORPORATION 


2 After 24 hr immersion in water at 23 C MIDLAND. MICHIGAN 
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Dow Corning Silicone Dielectrics 


SILICONE VARNISH SPECIFIED FOR 
180 € AND 220 INSULATION SYSTEMS 


Dow Corning 997 Varnish has over 50 times 
the dielectric life of the best Class B 
varnishes at 200 C. Impregnation with 997 
Varnish gives motors and transformers max- 
imum protection against overloads, many 
chemicals, corrosive atmospheres and other 
hazards. Silicone insulated dry-type power 
transformers are moisture resistant—do not 
require heating when de-energized. 


SILICONE-COATED CLOTH ASSURES 
RELIABILITY AT HIGH TEMPERATURES 


Slot liners made of glass-mica-glass or 
glass-asbestos-glass bonded with Dow 
Corning silicone resin assure maximum 
equipment reliability and long life by with- 
standing operating temperatures in the 
range of 250 C. Flexible and easy to install, 
the uniform thickness of this material 
assures high insulating efficiency. 


SILASTIC TAPE SEALS OUT MOISTURE, 
CHEMICALS, CORROSIVE ATMOSPHERES 


Wound on coils, insulating tape made with 
Silastic®, the Dow Corning silicone rubber, 
forms a resilient, moisture-proof jacket 
unaffected by most corrosive atmospheres. 
Serviceable from 90 to 250C with high 
resistance to arcing, ozone and corona, 
Silastic provides maximum protection against 
abrasion, moisture, shock or vibration. Send 
today for Free Booklet. 


_* 

> > 

Tyr ¥aastt > 
Paaasa® 


For further information on these products write Dept. 4515 
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HERE'S WHY 
50 MANY 
ENGINEERS 
SPECIFY 


*AND VARIATIONS OF THIS BASIC STRUCTURE SHOWN BELOW 


VERSATILITY 0. cassis, 


are prime reasons why designers have made 
the MH a P&B best seller. This relay series, 
for example, does yeoman duty in such diverse 
applications as jet aircraft, street lighting 
equipment, computers and missile ground 
controls. 

When multiple switching is required...when 
size, weight, long life and reliability are critical 
...our MH relay can usually fill the bill. It’s 
RIGHT for countless jobs, often at countable 
savings. 

Let us send you complete information about 
this miniature telephone-type relay and the 
variations we’ve evolved for special applica- 
tions. Write or call today. 


Shown with printed 
circuit terminals 


ENGINEERING DATA/MH RELAY 


Insulation: Laminated phenolic. 

Insulation Resistance: 100 meg- 
ohms minimum. 

Breakdown Voltage: 500 volts 
RMS between all elements. 

Shock: Up to 30g. 

Vibration: Up to 10g from 55 to 
500 cps.; .065” max. excur- 
sions from 10 to 55 cps. 

Ambient Temperature: —45 C. 
to +85°C. —(65°C. to 
+125°C. on special order). 

Weight: 2'/2 oz. max. (open relay) 

Pull-In: Approx. 75% of nominal 
voltage. 

Pull-in Speed: Approx. 15 ms. 

Drop-Out Speed: Approx. 10 ms. 

Terminals: Pierced solder lugs; 
special lugs for printed circuits, 
taper tab (AMP #78). 


CONTACTS: 


Arrangements: Up to 9 springs 
per stack. 

Material: ” silver; also Palla- 
dium or gold alloy. 

Load: Dry circuits to 5 amps 
@115V AC resistive. 

COILS: 

Resistance; 22,000 ohms max. 

Power: 100 milliwatts per mov- 
able minimum to 4 watts at 
25°C. max. (200 mw. min. to 
meet max. shock/vibration 
spec.) 

Duty: DC: Continuous. AC: Inter- 
mittent (2 pole relay max.) 

Voltages: DC: Up to 110 volts. 
AC: Up to 230 v. 60 cycles. 

Current: 2.5 ma to 10 amps DC. 


MC FOR RF SWITCHING 
For RF switching where intercontact 
copacitance losses must be minimized. 
Ceromic contact spacers. 


P&B STANDARD RELAYS AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


MA LATCHING MB CONTACTOR MH SEAL-TEMP 
Electrical latch; mechanical reset. Small, Contacts rated 60 amp. 28 volts DC 
versatile and offered with selection of non-inductive. Will carry 150 amp. surge 
contact arrangements. 


Features sealed coil to minimize contact 
contamination. Available os hermetically 
for o duration of 0.3 seconds. sealed relay only. 


A?) POTTER & BRUMEIELD INC. 


PRINCETON, INDIANA e SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 











Just the 


for reducing 
circuit 
Rsymaabbarcinleyal 


Send for 
more cost-saving information 
today. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 
A-MP products and engineering assistance are available through subsidiary companies in: Canada « England « France « Holland « Japan 
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Here’s how ASCO control system operates... 


ASCO Automatic Transfer Switches, with built in selected 
time delay of % to 3 seconds, ignore momentary outages 
caused by transient conditions—thus protect generating 


STEP 1 The instant a sustained out- 
age is detected, a contact on the ASCO 
Automatic Transfer Switch (A) closes. 


STEP 2 This energizes the ASCO 
Automatic Engine Starting Control 
(B), which opens the fuel control de- 
vice on the generator and cuts in bat- 
teries to energize the starting motor 
and crank the engine (C). 

Four on-off cranking cycles are pro- 
vided. When the engine fires, the 
starting control automatically discon- 
nects the cranking control. 





‘sg i 
Toutes ts 
+) HiT 


4. 


equipment from false starts. However, once a sustained 
outage is detected, ASCO Control Systems put standby 
power in action—fast. Follow the cycle, step by step... 


1/30 TO 1/6 SEC. 


STEP 3 When standby power source 
reaches proper voltage and frequency, 
the transfer switch transfers the load 
to the electric plant. Time of transfer 
— 1/30 to 1/6 of a second! 


When normal power is restored, the 
ASCO Transfer Switch returns the 
load to its original feeder lines. The 
Starting Control then causes the elec- 
tric plant to shut down. 





STANDBY POWER IN ACTION — FAGT7 





For Dependable Standby Power, ASCO designs and man- 
ufactures a complete line of emergency power and electric 
plant control equipment. In addition to Automatic Trans- 
fer Switches and Automatic Engine Starting Controls, 
this includes: 


Solenoid Valves: For air starting applications, and for 
controlling the flow of cooling water, fuel oil and other 
liquids and gases. 


Battery Chargers: To keep starting batteries charged, 
ready for engine starting. 


Solenoids: For fuel control devices, operating shutters 


Dependable contro! by ASCO 








for engine cooling, and other electric plant applications. 


Load Demand Controls: To automatically start engine 
when load is applied; stop it when load is removed. 


For Detailed Information write for: 
Catalog 57-S1 — Automatic Transfer Switches 
Catalog 57-S5 — Solenoids 


Catalog 57-S6 — Electric Plant Controls (including 
battery chargers) 


Catalog No. 25—Solenoid Valves 


Automatic Switch Co. 


50-M Hanover Road, Florham Park, New Jersey «+ 


Frontier 7-4600 


AUTOMATIC TRANSFER SWITCHES * SOLENOID VALVES * ELECTROMAGNETIC CONTROL 
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NOW... higher magnetic permeabilities 
ham Loh Amal eb @meol-lal—ihdi-t— 


Never before has precise control of magnetic and electronic components been 
so essential and never before has Carpenter been able to offer you as wide a 


selection of high permeability alloys tor your low flux density requirements 


The new and improved alloys whose mace tic properties are show n above, represent 
the most recent developments in our continuing efforts to produce magnetic alloys 


that meet or exceed the ever-tightening requirements of modern electronic design. 


Call Carpenter tor the widest selection of magnetic alloys available from any 
steelmaker, anywhere. In addition to ten special grades of high permeability alloys 
for laminations and magnetic shielding applications, Carpenter ofters a wide 
variety of alloys for magnetic cores including silicon core irons and stainless steels, 


and five types of temperature compensator alloys 
It’s a rare set of special requirements that can't be answered by this selection. 


Tell us your requirements. Write today, fully describing the magnetic 
characteristics you need and ask for your free copy of Carpenter's new 
64-page booklet describing the engineering properties of alloys now available for 
electronic, magnetic and electrical applications The ¢ arpenter Ste cl ( ompany, 


115 W. Bern St., Reading, Pa 


3 


arpenter 


The Carpenter Steel Company 

Main Office and Mills, Reading, Pa. 

Alloy Tube Division, Union, N. ] 

Webh Wire Division, Neu Brunsu i k, N ] 

Carpenter Steel of New England, Inc., Bridgeport, Conn, 


rd 


Circle 147 on page 17 ELECTRICAL MANUFACTURING 





STROKE IN INCHES 3/8 
MODEL ToO% 2.75 : : 2.2 : 1.85 
o1 ~ 85% 3.75 x 3 1.25 
‘MODEL 100% s.s : 3.3 2.6 
o2 B50 4.5 ; j 2.0 J 1.8 
PAODEL 1oo0% 5.5 2.25 2.15 
13 es% 4.0 s d 1.6 r 1.5 
MODEL 100% 8.0 ‘ , 5.25 4.6 
1s Bast 6.0 y 3.35 % 3.25 
PODEL 100% 12.0 : 6.753 ° 6.5 
16 es% 10.0 ’ 4.75 4 4.5 
PAODEL 100% 16.0 . 7.0 of 8.1 
17 65% 14.0 ; : 6.3 ; 6.1 
MODEL 100% 18.5 11.4 10.5 10.25 
18 es% 16.0 " y 8.25 7.5 7.25 
MODEL 100% 25.0 3 13.5 12.5 12.5 |12.5 | 12.25 
20 85% 20.0 29.0 8.5 8.5 a5 8.5 
MODEL 100% 35.0 16.0 15.0 15.0 |15.0 | 15.0 
2 85% | 25.0 10.5 10.25 10.0 |10.0 | 10.0 
MODEL 100% 40.0 23.0 21.0 20.0 |20.0 | 20.0 |20.0 | 20.0 
si 65% 30.0 17.0 15.5 14.5 14.5 14.5 14.5 14.5 
MODEL 100% 45.0 28.0 25.0 25.0 |25.0 | 25.0 |25.0 | 25.0 
32 85% 33.0 19.0 17.0 17.0 |17.0 | 17.0 |17.0 | 17.0 
MODEL 100% 50.0 37.0 32.0 30.0 [30.0 | 30.0 | 30.0 | 30.0 
53 85% 36.0 [25.0 22.0 | 20.0 |20.0 | 20.0 [200 | 200) 


















































DECCO’S patented construction and finest quality materials have greatly extended the 


service life of the solenoid. Silicon steel laminations give top efficiency. Hardened 
beryllium-copper plungers reduce friction and wear. Shock absorbing construction assures 
long service life. Non-magnetic, stainless steel striker-plates . . . heavy Nylclad magnetic 
wire . . . high temperature flow-point, molded nylon bobbins, all contribute to the 
dependability and stamina which make DECCO solenoids the best buy in the market today. 


There is a type, model and size DECCO solenoid for every requirement. Write for DECCO 
brochures #572 standard models or #581 miniature models. 


— OMPAN Y 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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Manufacturer cuts product cost 


Problem: A Spokane, Washington manufac- 


turer sold band-mill saws to the lumber industry. 


Soaring expenses were pushing unit costs out of 


sight. To remain competitive, he had to sell his 
product for less. He called in his local Century 


Electric sales engineer for help. 


Solution: The Century Electric sales engi- 


neer studied the motor drive for the unit. He pro- 
posed a new gearmotor drive to replace the cum- 
bersome mechanical transmission system. The com- 
pact-Century Electric gearmotor required less space 
and was easier to install and maintain. Fewer parts 
were required—assembly was simplified. Savings in 
manufacturing costs: $192. The manufacturer was 
well on his way to solving his cost problem. 














$192 with Century Electric motor 


More than a motor: This is another 
example of why you get more than a motor when 
you take your motor problems to Century Electric. 
You will have the help of experts who think, sell 
and apply motors—and nothing but motors—day 
after day. They may be able to show you how to 
get better performance and cut costs for your 
product. 


For more information, contact your nearest 
Century Electric Sales Office or Authorized Dis- 
tributor. 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 


CH 
58-2 
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Preformed cold drawn Nichrome 
Heating Elements being anchored 
into place indicate tremendous 
size of Lindberg missile furnace. 
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Nichrome 


ELEMENTS HEAT WORLD’S 
LARGEST MISSILE FURNACE 


2500 feet of extra heavy Nichrome V Wire 
provides 5-zone heating up to 2050°F 


This giant 500 KW gantry type Lindberg’ hardening 
furnace is the newest and largest ever built to meet the 
most exacting heat treating requirements of today’s, 
and tomorrow’s, missile metals. It accommodates an ef- 
fective work load nearly 7 ft. in diameter and 24 ft. long. 

Now in operation at Lindberg Steel Treating Com- 
pany’s Melrose Park Plant, the controlled atmosphere 
installation is both bottom loading and bottom quench- 
ing. The 19’ by 57’ pit—28’ deep, beneath the towering 
electrically heated furnace, houses the loading station, 
2 quench tanks (atmosphere and salt) and water wash 
tank. Work loads pass from furnace to quench through 
an airtight seal, permitting complete control and pre- 























cise duplication of atmospheres and treating cycles. 

In the hardening furnace there are five control zones 
which operate between 250°F and 2050'F. Saturable 
core reactors automatically vary the voltage to the 
Nichrome*V heating elements between 2.2 and 220 
volts, depending on temperature and load. 

The selection of Nichrome V by Lindberg to supply 
reliable and closely controlled heat and temperature 
in this furnace is further evidence of the confidence 
that industrial leaders have in the quality and per- 
formance of Driver-Harris high-nickel alloys. Why 
not benefit from their experience. Tell us about your 
requirements. 


*T.M. Reg. U.S. Pat. Off tLindberg Engineering Company 


DRIVER-HARRIS COMPANY 


HARRISON, NEW JERSEY =: BRANCHES: Chicago, Detroit, Cleveland, Louisville 


Distributor: ANGUS-CAMPBELL, INC., Los Angeles, San Francisco «¢ in Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario 
MAKERS OF THE MOST MPLETE LINE OF ALLOYS FOR THE ELECTRICAL, ELECTR 
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FAN BLADES 
8 types. Diameters from 6” through 48”! 


NOW REVCOR MAKES ALL 4 


Revcor provides you with one centrally lo- 

cated source for dependable service and 

fast delivery of a complete line of air impell- 

ers. With the addition of our new fan line, 

BLOWER WHEELS and the expansion of our research and de- 

Single & double inlet. 22 diameters velopment facilities, we can provide you 
from 3-27/32” to 15”, widths 1” to 15" with everything you need for more efficient 


movement of air. 











HOUSINGS a 
Sizes for all Revcor Blower Wheels. AVAILABLE: 





Descriptive brochure showing the 
entire Revcor line. Write for your free 
copy today. 


NAME 
INLET RINGS 


Sizes for all Revcor Blower Wheels. COMPANY 


ADDRESS 


CITY ZONE STATE 


Reveetinc. 251 Edwards Street Carpentersville, Illinois 
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_ quality for your product... 


GENERAL ELECTRIC 7R/'\CLAD MOTORS PROVE 
THEY PROVIDE IT BY PASSING TORTURE TEST 


HERE’S HOW: G-E Tri/Clad ‘55’ polyphase motors 
are more fully enclosed than ordinary dripproof 
motors. This extra protection makes them suitable 
for many jobs which normally require splashproof 
motors... extra protection at no extra cost. 

Mylar* polyester film slot and phase insulation, 
non-wicking leads, and water-resistant stator coating 
give long-life protection against moisture. Formext 
magnet wire provides protection against heat-aging 
and dirt. Heavy-duty bearing system keeps lubri- 
cant in, abrasive dust out. And rigid cast-iron frame 
and endshields and melamine paint finish protect 
G-E motors against external damage. 


*Registered Trade-mark of DuPont Co. 


These are just some of the outstanding Tri/Clad 
‘55’ motor features which mean longer life, more 
dependable operation—improve the quality and 
saleability of your product at no extra cost to you 
or your customers! 


CONTACT your nearest G-E Apparatus Sales Office 
for personal proof on how G-E Tri/Clad ‘55’ motors 
can give better operating protection to your prod- 
ucts. And ask for your free copy of descriptive 
bulletins, GEA-5980 and GEA-6602, or write to 
Section 840-19, General Electric Company, Schenec- 
tady 5, New York. 


tRegistered Trade-mark of General Electric Co. 


GENERAL @@ ELECTRIC 





Rigid Cast-iron Frame 


Solid-cast Rotor Windings 
Water-shedding Stator Windings 


Press-fitted, 
Pin-locked Stator Core 


Efficient Ventilation System 


| 





Standard dripproof Tri/Clad ‘55’ motor. 


Easy-access Conduit Box 


Fully-protective Endshields 


Advanced Bearing System 


Polyester Film Slot and Phase Insulation 








Long-life Bearing 
System seals dirt out, 
has new longer-lasting 
grease, can beregreased. 


Formex Wire insulation will 
not break under severe con- 
ditions — protects against heat- 
aging and abrasive dust. 


Water-resistant Coating 
applied to every stator assem- 
bly virtually eliminates insula- 
tion failure due to moisture. 


Mylar Insulation pro- 
tects against moisture; 
assures longer motor life, 
minimum maintenance. 





KLIXON Snap-Acting THERMOSTATS provide 
POSITIVE TEMPERATURE CONTROL 


in General Electric’s 


Engineered by the Outdoor Lighting Department of General 
Electric Company, Chicago’s State Street Relighting Project 
is the brightest, most modern street lighting arrangement ever 
attempted. 

280 G. E. Form 606 street lights with 6-foot ‘‘Power Groove’”’ 
lamps, mounted four to a pole, are used in the project. 

To safeguard their product against excessive temperature, 
General Electric uses two KLIXON 202 Snap-Acting Thermostats 
in each light. These help improve lighting efficiency by turning 
on and off a fan-cooling system at specific temperatures. 


METALS & CONTROLS 


Versailles Products Division 


Typical KLIXON Snap-Acting Thermostats used in many applications by original 
equipment manufacturers 
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Fluorescent Luminaire 


KLIXON Snap-Acting Controls are used because they respond 
to temperature change quickly and with accurate repeat per- 
formance; they have ample capacity to handle the required 
electrical loads; and their calibrations stand up in the face of 
severe environmental conditions. 

General Electric Company, Outdoor Lighting Department, 
is another of the hundreds of leading manufacturers specifying 
and using KLIXON Controls. These controls are available in 
both sealed and open construction in a wide variety of types 
and sizes. Fixed temperature settings are custom calibrated 
at the factory to meet specific application requirements. 

Our Field Engineers will gladly help you make test applica- 
tions of KLIXON Controls at your request, or send for new 
KLIXON Commercial Thermostat Catalog and get acquainted 
with the application possibilities on your products. No obliga- 


tion, of course. 
(oe 


CORPORATION 


3603 N. Main St., Versailles, Ky. 





KLIxON 
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Design for a Small World— 
the Real Challenge 


TODAY S ENGINEERS are being insistently chal- 
lenged by “creative astronautics,” by con- 
cepts and systems that “transcend the 
present.” by projects planned to “track and 
catch falling stars,” by opportunities to “tele- 
scope time in terms of technological prog- 
ress.” to cite just a few examples of the 
purple prose that suffuses the “hard sell” 
professional recruiting advertisements in the 
daily and Sunday newspapers. and no less in 
the engineering journals. Meetings, symposia 
and conferences sponsored by professional 
societies also seem to feel the need for simi- 
larly lush labels. 

I wonder if engineers and scientists need 
the excrescences of the copywriter’s “art” to 
make them aware that the “space age” is with 
us? Most of them realize it as a sobering 
and profound factor in their lives. far bevond 
the implications of a new job. the “challenge” 
of a new assignment. And many also realize 
that (even with satellites roaming the outer 
spaces) the challenge of space is not the 
only challenge of our times. 

For this best of a.l possible worlds is still 
a small world with mankind still primarily 
and deeply intent on the small things of 
daily life. In technology. mankind still deals 
with the small and simple operations to a fat 
vaster extent than it does with the massive 
and the complex. A man and his wife sti. 
flick simple switches to light a room: a day 
begins with a coffee pot and a toaster: meals 
are cooked on kitchen ranges: a radio. or a 


TV set, or a phonograph is played in the 
evening. In a doctor’s office, a patient is 
checked with an electrocardiograph. In an 
office, a girl operates a typewriter, a clerk 
works with an adding machine. In countless 
shops. factories and homes. we are still con- 
cerned with the familiar tools and appliances 
and machines of this small world. And in 
many backward areas of this world, we have 
still to bring such tools to the knowledge of 
the people. 

The challenge of the space age to the 
engineer? Yes, we cannot doubt it. But per- 
haps the real challenge to the engineer is 
still this small—this small and brave—world 
of ours. While the engineer seeks and a 
quires the new knowledge that is being 
created by today’s scientists. he must not for 
get to use and improve his old knowiedge. 
and to apply both to making the way of 
life on this earth richer and happier in terms 
of mankind's tools. 


“[s it not certain,” wrote the great Irish 
poet William Butler Yeats, “that the Creato: 
yawns in earthquakes and thunder and other 
popular displays, but toils in rounding the 
delicate spiral of a shell?” 


Perhaps this may be read also as a parable 


for the space age. 
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Industry Participation 


No single company possesses or 
controls the many and diverse 
skills required for the successful 
accomplishment of the- micro- 
module program. The key to its 
success is the mutual cooperation 
of the leader contractor and the 
many companies of the entire 
electronics industry. 

The interest and support of the 
parts producers in the develop- 
ment and manufacture of — the 
micro-elements and = the = micro- 
modules is essential to the prog- 
ress of the program. 

The effect of the micro-module 
concept within the electronic  in- 
dustry will be a well-ordered and 
logical conversion of both known 
and, as yet, unknown techniques 
to this unique new dimension for 
both military and 
electronic equipment. 

A. W. ROGERS 
Director, Electronic Parts 
and Materials Division 

U.S. Army Sicnav Researcu 
and DeveELopMENT LABORATORY 
Fort Monmouth. N. J. 
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Micro-Module Design Progress 


PAUL G. J ACOBS. Associate Editor 


CONVENTIONAL TECHNIQUES leave much to be desired in 
attempting to fulfill current and future needs for elec- 
tronic equipment applications. The micro-module concept 
is a new approach to electronic equipment design and 
manufacture which is applicable throughout the electronic 
industry to both military and commercial equipments.* 
Conventional packaging methods and conventional com- 
ponent configurations presently being utilized have been 
exploited to about the limits of their capabilities insofar 
as miniaturization is concerned. 

As a solution to this situation the concept of the micro- 
module system was developed by the Signal Corps and 
RCA as leader contractor to utilize the best that the entire 
electronic industry can offer in techniques, materials and 
processes applicable to the new concept of modular con- 


struction. 
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Micro-Module Program 

The overall micro-module program has been planned 
as a logical progression of product and production engi- 
neering effort—from the basic system concept to the 
design and construction of prototype production ma- 
chinery for the manufacture and assembly of micro- 
elements, micro-modules, and subassemblies. The present 
contract will provide selected families of micro-elements 
and various types of micro-modules for a range of basic 
audio, i-f, r-f, computor and oscillator micro-module 
capability. 

Modules will be integrated into eight specific sub- 
assemblies to demonstrate equipment designs with micro- 
modules. This program will include modules to provide 
a complete prototype receiver portion of the AN/PRC-36 
Helmet Radio as representative of communications equip- 
ment. In addition, representative portions of digital 
circuits taken from the AN/TCC-26 multiplex equipment 
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are to be developed. These modules and subassemblies 
will be subjected to testing programs simulating projec- 
tile, satellite and missile applications to demonstrate 
overall military capabilities. 

Subsequent efforts will include complete equipment. 
Also, industrial preparedness measures will be imple- 
mented to provide early production capability to produce 
micro-elements and micro-modules. 

The modular concept upon which the program is based 
utilizes micro-elements with standardized dimensions in- 
stead of conventionally shaped components. 

The standardized dimensions and shape permit com- 
pact grouping of modules. making up subassemblies and 
complete equipments which achieve a new order of 
volumetric efficiency. A requirement of this program 
is a component density in the module of at least 600.000 
parts per cu ft. This represents better than 10:1 improve- 
ment over the best conventional assembly packaging 
techniques for equivalent circuitry, and will permit de- 
signers to approach equipment densities of 200.000 parts 
per cu ft. 

The micro-elements are assembled by stacking and 
interconnecting in accordance with circuit functions as 


shown in Fig. 1. and are encapsulated in micro-module 


configurations. The micro-modules are, in turn, assembled 


in aggregates representing equipment subassemblies in 
various arrangements depending on equipment applica- 
tion requirements. 

Reliability goals have been established at 15,000 In 
mean time to failure for a 50-part module. Certain re- 
liability advantages are inherent in the micro-module 
approach. Simple and uniform geometry facilitates auto- 
matized fabrication and assembly. thereby minimizing 
the difficult-to-control human element. In addition, the 
reduced dimensions and compact rugged construction 
provide better capability of withstanding environmental 
extremes. The substantial savings in space also permit 
application of circuit redundancy and allow for pro- 
visions for controlling the environment within the equip- 
ment for even greater reliability. 


Module Wafers 


The tentative standard micro-element substrate wafe1 
dimensions are shown in Fig. 2. These dimensions are 
being used on all wafers. All tools. molds, jigs. ete., are 
built to these dimensions and the 12-terminal wafer 
design is currently being tested in handling. processing 
and assembly techniques by RCA process laboratory 
personnel. Wafers presently are being processed and 
modules are being assembled using end wafers dimen- 
sioned as shown in Fig. 3. The overall design has not 
deviated from the original concept. 

Wafer Terminating Standards. Conventional com- 
ponents are inventoried by electrical value only. In 
order that there may be a smooth transition to the wafer 
micro-elements required by the micro-module concept. a 
comparable situation should exist. The micro-element. 
however, is a very flexible circuit component since it 
may be rotated four ways, turned over and rotated four 
more ways, giving eight positions. Additional flexibility 
is provided by the choice of which of the 12 terminals 
are to be used. However, to limit future inventories and 
reduce manufacturing complexity and cost. variations 
in micro-element termination must be kept to a minimum 
by standardization. 
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Vig. 1 Micro-elements are stacked and interconnected to form 
micro-modules. 
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Fig. 3 


Standard micro-element end-wafer dimensions. 


Resistors and bi-directional. two 


terminal networks. Elements of this type in module wafer 


capacitors are 


form present 66 possible terminal arrangements. Of these 
five configurations, 1-2, 1-4, 1-5, 1-8, and 1-11 (when 
used in the eight possible orientations) fulfill more than 
60 per cent of the total arrangements. However. the 
analysis for resistor configuration is complicated by the 
fact that in most cases a maximum of four resistors. two 
on each side of the substrate. will be used. In addition. 
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Emitter : Base 


~ Base 


Fig. 4—Transistor terminations: (a) wafer front view, (b) 
wafer rear view, for two-transistor modules such as may be 
used in multivibrator circuits. 


resistor wafers may include jumpers for crossovers to 
provide adequate design flexibility and to minimize riser 
wire cuts, This indicates the desirability of maintaining 
some flexibility in the choice of resistor terminations. 

Capacitor wafers can also be used as jumper wafers 
and may also be used for mounting of resistors, To 
achieve higher component densities, more than one 
capacitor may be used on a single wafer. Hence, for 
capacitors also, some flexibility in the choice of termina- 
tions is desirable. 

Electrically, frequency control crystals are bi-direc- 
tional, two-terminal devices and are therefore equivalent 
to resistors and capacitors for termination. For the pres- 
ent, crystals required for preliminary modules will be 
specified in any one of the terminations 1-4, 1-5, 1-8. and 
1-11 previously referred to for resistors. 

Diodes are uni-directional, two-terminal components. 
There are 132 possible diode arrangements on a 12- 
terminal wafer. In high-frequency or high-impedance 
circuits, adjacent connections (such as 1-2. 2-3. etc.) 
may be eliminated. This results in 108 possible permuta- 
tions. Use of the patterns given for resistors and capaci- 
tors results in 64 permutations. or almost 60 per cent 
of the total possible. Again, the judicious use of jumpers 
will allow for maximum flexibility while holding riser 
cuts to a minimum. 

Transistors are polarized, three-terminal networks and 
represent the most serious of the wafer terminating prob- 
lems. There are 1320 possible arrangements of the 
transistor terminals. Assuming that there are up to 
eight independent connections for each termination type 
chosen for complete coverage of all possible transistor 
arrangements, more than 165 termination types would 
be required to cover all possible arrangements. Prelim- 
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Measurements on Dimensions and Camber of 
Micro-Element Wafers 





Mean Standard | Per cent 
Median, Average, deviation, | deviation, within 
mil mil mil mil specs 


Thickness 
Alsimag 614 10 mil 
Alsimag 614 26 mil 
NPO T-96 titanate 
N750 T-96 titanate 
N2100 titanate 


Camber 

Alsimag 614 10 mil 
Alsimag 614 20 mil 
NPO T-96 titanate 
N750 T-96 titanate 
N2100 titanate 


Width dimension (typical 
Alsimag 614 10 mil 
Alsimag 614 20 mi! 

NPO T-96 titanate 

N750 T-96 titanate 
N2100 titanate 


| coe8s 





inary electronic considerations have shown a preference 
for locating one of the terminals (base, emitter, collector) 
on each edge. Thus there are 24 permutations which can 
be achieved with the three transistor terminations. Single 
transistor modules present no difficulties since any tran- 
sistor configuration can be chosen and the circuit design 
built up around the transistor arrangement. Modules 
containing two transistors (such as multivibrator cir- 
cuits) are amenable to the arrangement shown in Fig. 4. 

The final measure of the value of any termination 
standard is its usefulness in actual circuits. This requires 


the analysis and layout of many circuits. It is probable 


that a continued study will uncover many common cir- 
cuit groupings which will further define the more com- 
monly used arrangements. This will reduce the number 
of configurations required for general use. 

Substrate Materials. Statistical analyses of wafei 
dimensions were made of samples of 10-mil wafers and 
20-mil wafers. Frequency distribution charts were pre- 
pared for thickness, camber and the two width dimen- 
sions. The dimensional tolerances are: thickness. ] 
4 mils. 
Referring to the data in the accompanying table, which 


mil: camber, 1 mil maximum: width, - 


gives the percentage of wafers passing these particular 
specifications, camber (warpage) is indicated as the chief 
problem. Camber was measured as the difference between 
the thickness measured using a gage having a surface 
area larger than the wafer and the thickness measured 
by pointed micrometers at the center of the wafer. The 
width dimensions were measured on a bench micrometer. 

The 10-mil alumina wafers may not fully satisfy the 
requirements of all applications because of surface dif- 
ficulties. Consideration is being given to other methods 
of preparation to fulfill requirements. 

Quotations have been requested for beryllia wafers 
or wafers of high beryllia content for applications requir- 
ing good heat transfer. 

Samples of several cermets and of silicon nitride have 
been received. The cermets, containing metallic chro- 
mium, molybdenum and tungsten together with aluminum 
oxide, have electrical conductivities too high to be use- 
ful as a substrate wafer material. The silicon nitride bar. 
having a high resistance, is being cut and lapped to 10 
mils and processed as a wafer for evaluation. 
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Termination Materials. The metallic terminating 
pads on the ceramic substrate must have certain char- 


acteristics — particularly adhesion, conductivity and 
solderability. However, migration of certain metals (par- 
ticularly silver) under a d-c potential in the presence of 
moisture is a problem which has been well described in 
the literature. Several methods of inhibiting such migra- 
tion have also been described. Migration tests were con- 
ducted by RCA with silver, gold and with palladium. 
The tests were of a preliminary nature and are being 
continued. Present indications are that, to assure re- 
liability. a non-migrating metal such as gold or palladium 
would be preferable to silver. However, the various 
methods of inhibiting migration of silver have not been 
fully evaluated and. for this reason, final conclusions 
have not been made. 

The phenomenon of metallic-lattice instability result- 
ing in the growth of metallic whiskers is of considerable 
importance under conditions of close spacing as required 
in micro-module construction. 

Because tin is a prolific source of such whisker growth, 
and solders containing tin, cadmium, zinc, etc., have 
also been troublesome in this respect. the choice of a soft 
solder which does not include these elements may be 
important. Lead is apparently immune to whisker growth 
of any significant size and gold is assumed to be fully 
of these facts, the lead-gold alloy 
series was investigated for possible use as soft solders 


immune. In view 


to replace tin-gold solders. 

A lead-gold eutectic alloy containing 85 per cent lead 
and 15 per cent gold was studied in detail. This alloy 
has a melting point of 216 C and appears to have prom- 
ising solder properties. Terminal pads of silver, gold 
and palladium can be readily “tinned” with this solder 
using an activated rosin flux. Copper can be readily 
“tinned” with this alloy by being fluxed and drawn 
through a bath of molten alloy. The alloy can be spot- 
soldered to itself without the use of flux. Joints of accept- 
able strength were obtained by spot soldering such alloy- 
coated copper riser wire to palladium terminating pads 
which had been coated by immersion in the same alloy. 
Further tests on this alloy to confirm its assumed im- 
munity to whisker growth are in progress. 


Passive Parts 


Particular termination requirements for — specific 
micro-elements, including passive parts. have been de- 
rived as a result of module layout designs. A typical 
module worksheet is shown in Fig. 5. 

Ceramic Capacitors. 


for the preparation of capacitors have been received 


Ceramic dielectric materials 


from several sources and are presently being tested for 
their electrical properties. 

Although most of the micro-element capacitor effort 
is now on a subcontract basis, thin-film ceramic-type 
capacitors developed at the RCA Advanced Materials 
Development Laboratory in Needham, Mass., prior to the 
micro-module program contract offered the possibility 
of fulfilling immediate micro-module requirements for 
NPO capacitors ranging in values between 150 and 
2000 up. Capacitors of this type conforming to the 
module dimensions were not immediately available from 
industry. 

Tantalum Electrolytics. Subcontracts for solid tan- 
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@ Modular assembly layout 

© Printed circuit assembly layout 
Top wafer 
rear side 
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now position of index notch as follows 


Fig. 5—Module design worksheet. This module is one stage 
a 4.3 me i-f amplifier for the receiver portion of AN/PRC- 
equipment, 


Fig. 6—Basic resistor wafer. 


talum capacitors have been placed. The values required 
are: 1 pf at 6 volts. 2 pf at 6 volts, 2.2 pf at 20 vo'ts 
and 5 pf at 3 volts. 

The Needham Laboratory had been engaged in the 
development of dry electrolytic capacitors for over a year 
prior to the award of the micro-module program contract 
The early work was directed toward the development o! 
tantalum electrolytic capacitors using wire and foil, and 
more recently with sintered slugs since dry electrolytic 
capacitors with the electrical properties and physical 
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RCA prototype micro-module transistor designs. 


dimensions required for the microminiature modules 
were not available from industry. Effort was directed 
within RCA to supply preliminary samples of the dry 
electrolytic to conform to the module requirements. The 
first samples were made from foil while all recent sam- 
ples were made from sintered tantalum slugs. Prelim- 
inary samples obtained to date have provided 2 pf capac- 
itance at 6 volts in a micro-element of 0.30 in. thickness. 
It is anticipated that military-grade dry electrolytiv 
capacitors of various capacitance ratings up to 40 pf 
volts will be obtained under this program. 

Resistors. The present module sample program re- 
quired the immediate supply of specific resistor elements. 
These preliminary type resistors have been prepared at 
RCA using an improved DuPont metal glass-frit ink. 
Temperature coefficient is in the order of 150 ppm per 
deg C. Several inks have been used with resistivity from 
100 ohms per sq to 35 k ohms per sq. The firing is done 
at 1300 to 1400 F. 


Subcontractors’ transistor packaging concepts. 


A general resistive pattern (shown in Fig. 6) has been 
developed to allow the use of a purchased resistor with 
provision for later adjustment. Resistor elements of this 
type use tin oxide film as resistive material for pre- 
liminary micro-elements. With only two types of ma- 
terial, resistors varying from 47 ohms to 100 k ohms 
can be made by applying appropriate silver conductor 
patterns. 

All prototype and final resistor micro-element work 
will be subcontracted. It is contemplated that the resis- 
tors will be metal film. It is anticipated that up to four 
metal film resistors per micro-element will be produced 
under this program. Values will range up to 200 k ohms. 

Inductors. Inductor preliminary 
equipments range up to 1.5 millihenry. A zero temper- 


requirements for 


ature coefficient is required for most applications. 

Core Material. [Development of higher initial perme- 
ability bodies has been initiated. The work has been di- 
vided into two phases: (1) the development of ferrites for 
high frequency application, and (2) the development of 
bodies of zero temperature coefficient. 

Various amounts of the oxides of barium, cobalt. 
molybdenum and yttrium were added to nickel-zine fer- 
After mixing 
and pressing into toroids and firing. », and Q values 
All of the formulae 


provided an increase in initial permeability as the firing 


rite material in excess of stoichiometry. 
were measured on Boonton Q meters. 


temperature was raised. Only cobalt and barium addi- 
tions were beneficial in increasing the useful frequency 


range of the ferrite. Ferrites with barium excess have a 
slightly 
100 ppm/deg C and those with cobalt have a high 


negative pw, temperature coefficient (T,) of 


positive temperature coefficient (+-3000 ppm/deg C). 
In addition to providing lower temperature coefficient 
by adding barium to the powder. the effect of carbon- 
black additions was also investigated. Reproducibility 
between samples and firings has been achieved and addi- 
tional ferrites with a ) of 135. », of 50. and T,. of 150 
ppm/deg C (+100 ppm/deg C) have been supplied. 
A high p 


perature coefficient without additions of carbon black. 


body has been prepared with a low tem- 


The formula uses oxides of small particle size to allow 
lower sintering conditions. The new mixture of nickel- 
zine ferrite has a p, of 105 with a T, of 15 ppm/deg C. 
Applying a higher firing temperature to the same body 
has given a p, of 175 with a TJ, of only 587 ppm/deg C. 
Additional experimental formulations using the fine oxide 
powder to lower the temperature coefficient are being 
investigated. 

The effect of embedment resins on temperature coefli- 
cient has been investigated. Apparently, stressing of the 
ferrite by the resin causes anomalies of the curves in 
the low-temperature region. 

Inductance Coil Impregnation. [florts are being 
made to find an impregnant which will provide the coil 
with added protection from moisture and thermal shock 
and still possess the desired characteristics and elec- 
trical properties to insure inductor performance over the 
Some of the 


essential properties required are as follows: 


required operating temperature range. 
corrosion 
resistance—it must be non-reacting to the adhesive used 
in bonding the coil or the insulation coating of the wire: 
it must provide necessary thermal shock requirements 
100 C without affecting per- 
formance; have good resistance to moisture absorption, 


over a range of —65 to 
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and provide the required electrical properties to insure 
satisfactory performance of the coil over the required 
temperature range. Work in this area is continuing. 


Transistors 

Preliminary transistor samples for circuit design pur- 
poses have been constructed using silver-filled conducting 
epoxy for connection to transistor elements and alundum- 
filled epoxy for heat transfer. Samples are currently 
being made on a routine basis for transistor types 
2N140. 2N404. and 2N384. The procedure involves 
sandwiching the transistor element between two wafers 
with the epoxy resin adhesive. Additional leads for base. 
emitter and collector connections are achieved by weld- 
ing nickel wires to the corresponding existing leads. 
Soldering these wires to the appropriate pre-soldered 
terminals on the wafer completes the assembly. 

Effort has been expended on several variations of 
logical prototype and final designs for wafer-mounted 
transistors. These techniques have provided knowledge 
for better technical evaluation of. and assistance to. 
subcontractors. The initial goal is to achieve true her- 
metic seals. As a result of experience with several sealing 
techniques. the approach considered best for the present 
Both double 


and single wafer constructions are shown, with the single 


transistor series is illustrated in Fig. 7. 


wafer being of principal interest. This design has the 
following advantages: 

1. It utilizes insertion of electrically tested good units. 

2. The foundation is comparable to a stem and hence 
is basically simple. 

3. Welds can be used internally for element connec- 
tions to eliminate fluxing considerations normally asso- 
ciated with soldering. 

1. Many techniques are suitable for cover plate attach- 
ment. These include soldering. compression sealing. 
resistance welding. etc. 

5. Minimum thickness requirements can be approached. 
Experimental alumina cover plates already have been 
produced in 0.020 in. thickness using compressive forces 
of about 500 lb. The alumina did not crumble and the 
seal was well bonded. 

6. The design is suitable for mesa transistor struc- 
tures. 

Transistor assembly and packaging techniques have 
been proposed by several subcontractors and prospective 


rs) Subcon- 


subcontractors. These are illustrated in Fig. 
tract effort will support improvements in hermetic sealing 


or novel designs. 


Diodes 


Preliminary samples of the 1N277 and 1N457 silicon 
diodes have been successfully made using conductive 
epoxy resins in the same technique as used for pre- 
A representative assembly 
is shown in Fig. 9. RCA will not make any diodes other 
than these preliminary units. All prototypes and many 
preliminary samples of other diodes will be processed 


liminary transistor samples. 


on a subcontractual basis. A few subcontractors’ pack- 
aging concepts for diodes are illustrated in Fig. 10. 

All diodes must be hermetically sealed. The Clevite 
proposal has the diode positioned on a mounting block. 
or heat sink, which is pressed into the ceramic wafer. 
Here, in contrast to the transistor hermetic sealing 
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Fig. 10 Subcontractors’ micro-module packaging concepts for 
silicon diodes. 
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Fig. 11 Micro-module version of AN/PRC-36 receiver. Pack- 
aging density is 216,000 parts/cu ft; internal volume is 0.935 


cu in.; external volume is 1.8 cu in. 
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Fig. 12. End-wafer design with jumper 
amplifier module for AN/PRC-36. 
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Fig. 13 Schematic diagram, AN/PRC-36 receiver. 


Fig. 14--Micro-module and conventional versions of a pulse- 


generator subassembly. 


big. 15—Pulse-generator schematic diagram. 


&4 


treatments, specialized surface sealing is recommended. 
The technique proposed by Pacific Semiconductors. Inc. 
is to mount electrically tested good units as shown in 
the figure. Hermetic sealing is obtained through surface 


treatments. 


Quartz Crystals 


Quartz crystal units used for frequency control of 
electronic equipment have followed the trend of othe: 
components toward miniaturization. It is anticipated 
that the packing density of crystals can be increased 
to about 400.000 units per cu 
units to be compatible with other components in the 


ft. thus allowing crystal 


micro-module program. 

Present plans call for crystals having fundamental 
frequencies from 7 to 20 me and overtone units from 
20 to 70 me. The tentative power rating requirements are 
5 mw and | mw for these respective types. Major effort 
in this area has been subcontracted. 


Modules 


Circuit applications of micro-modules have progressed 
to the point where several dozens of functioning pre- 
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Vig. 16——Micro-module version of a pulse-width modulator. 
Packaging density: 238,000 parts/cu ft. 
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Fig. 17—Pulse-width modulator schematic diagram. 


liminary modules have been made for the AN/PRC-36 
receiver and the selected circuits of the TCC-26. 


AN/PRC-36 Receiver. A preliminary 


design is shown in Fig. 11. 


micro-module 
The original packaging 
density of this unit is in the order of 50,000 parts per 
cu ft. This preliminary design shown represents a volume 
reduction of slightly over 4:1. A volume reduction of 
approximately 5:1 has been achieved in other micro- 
module versions of this equipment. 

The 5-stage 4.3-me i-f amplifier provides a gain of 
20 db per stage for a total of 100 db. Performance is 
comparable to the present AN/PRC-36 equipment. 

The module worksheet in Fig. 5 and the numbered 
component layouts shown constitute a complete module 
design for one stage of the i-f amplifier. 

Nine wafers are used, including two end wafers, and 
the layout of the components was approached with the 
intention of using only the outside wires, the center wires 
being used only when required for additional terminals. 

Because five of these identical circuits will be used 
in cascade in the i-f section of the receiver, it was desir- 
able to have the same input and output connections to 
standardize the design. To meet this requirement without 
requiring a cut in any riser wires, an end wafer design 
It has 
a hole through which the tuning capacitor can be adjusted. 


with a jumper as shown in Fig. 12 was devised. 
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Micro-module version of a binary divider. Packaging 
160,000 parts cu ft. 
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Fig. 18—Pulse-width modulator waveform. 


Fig. 20—Binary divider waveforms. 


Similar techniques were developed for a modular ver- 
sion of all of the various circuits in the AN/PRC-36 
receiver. The complete schematic diagram for this equip 
ment is shown in Fig. 13. 

Digital Circuits. Figure 14 compares micro-module 
and conventional versions of a pulse generator (blocking 
oscillator) which is used as the basic timing pulse gen- 
erator for a digital data link. The circuit is shown in 
Fig. 15. The packaging density achieved in the micro- 
module version is 350,000 parts per cu ft vs 20.000 parts 
per cu ft in the conventional assembly. 

\ micro-module version of the pulse-width modulator 
for the AN/TCC-26 multiplex equipment has also been 
fabricated. The modulator is shown mounted on a printed 
circuit board in Fig. 16. This unit, shown schematically 
in Fig. 17, accepts analog and sawtooth inputs and 
generates a pulse whose width is proportional to the 
amplitude of the analog input. The rate of change of 
pulse width is proportional to the analog signal fre 
quency. In the output wave form shown in Fig. 18 the 
pulse width is being modulated at 1 ke. 

\ packaging density of 105.000 parts per cu ft has 
subassembly for 
AN/TCC-26 multiplex equipment. (See Fig. 19.) The 


been achieved in a_ binary divider 
wave forms in Fig. 20 (left) are from the first and second 
stages. This high-speed flip-flop achieves a rise time and 
fall time of less than 0.1 psec. 

In a crystal-controlled 192 ke oscillator for the same 
equipment, a packaging density of 158,000 parts per cu ft 


has been rei hieve d,. 


Acknowledgment 
‘eae 
and Develop 


irticle is gratefully 





Copying Lathe Programmed 
by Stepping Switches 


By operating stepping switches from 
pulses generated by the stop-positioning 
motor, this automatic system makes the 
roughing cuts ordinarily performed un- 
der manual control. When the roughing 
operation is complete. the machine con- 
trol is turned over to the template for 
finishing. The stepping switches used 
have two coils. one for advancing and 
one for reversing. 
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Chief Electrical Engineer 

New Britain-Gridley Machine Div. 
THe New Britain MAcHINne Co. 
New Britain, Conn. 


THE USE OF A TEMPLATE in a copy turning machine such 
as the Fischer lathe shown in Fig. 1 has been standard 
practice for several years. It is usual. however, for the 
template to be brought into automatic control of the 
machine only in the final finishing stages of the opera- 
tion. In manufacturing a small quantity of turned parts 
from bar stock, it has been necessary to make several 
passes of the tool along the work to remove the excess 
stock before taking the final cut under contrel of the 
tracer on the template. 
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Fig. 1—Fischer lathe copy 
turning machine. 


Fig. 2—Closeup of work area 
with work in place and tem- 
plate below. 


To accomplish this machining manually, the: operator. 
by means of a machine adjustment. must limit the travel 
of the tracer toward the template and thus limit the depth 
of cut of the tool. The diameter of the work is thus 
reduced gradual'y until the tracer touches the template. 
The operator may repeat this operation as many times 
as are necessary to remove the excess stock from the 
work. 


contour with the tracer following the template all the 


The final operation is a finish pass along the 
} ] f 


way. 

An electric control has been designed to perform these 
initial operations. The first requirement of such a con- 
trol is that it be flexib'e enough to permit many different 
choices of cycle sequence so that simple jobs may be set 
up as economically as the more complicated ones. Such 
choices include the number of cuts to be made. the depth 
of each cut. and the depth of clearance required for the 
finish cut. In order for the automatic control to supple- 
ment an operator. it must have a better memory and a 
faster response time than a man. It should be able. in 
effect. to read the graduations on the machine dials while 
making adjustments and it must be able to make those 
adjustments while the machine is in motion. 

Initial Operations. 
by the automatic control system. the functions of a human 


operator. whom it replaces. will be described. Figure 2 


lo visualize the job performed 


shows a closeup of a Fischer lathe work area with a work 
piece mounted between centers and the finished template 
mounted in the template holder below with tracer in con- 
tact. A typical work piece consists of several diameters 
or cylindrical sections which get progressively smaller 
from the headstock end of the part to the tailstock. as 
sketched in Fig. 3. The heavy outline is the profile of 
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the finished part while the dotted lines indicate the rough- 
ing cuts to be made. For the first roughing cut, the 
tracer is blocked by a movable stop so that the tool can- 
not feed in radially past point 1. The tool will move 
toward the left and reduce the diameter of the work piece 
until the tracer touches the template at point 1’. At this 
point. the tool will retract radially under control of the 
tracer. The operator will next set his stop so that the 
tool will move into point 2 and take the second cut to 
point 2’. This process is repeated until cut number 6 has 
been made. after which the tracer stop is moved out of 
the way entirely and a finish cut is taken over the entire 
contour of the part under complete tracer control. 

The depth of any roughing cut is determined by the 
capacity of the machine, which should not be exceeded. 
and by the finished diameter of the part. Where = the 
change in diameter is large it may be necessary to take 
two or more roughing cuts of the same length (as in cuts 
2 and 3 in the example) in order not to overload the 
hae hine. 


This process requires the undivided attention of an 
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Fig. 3 Sketch of roughing work to be done on a typical piece 














Fig. 4—Operator’s control station showing switches for select- 
ing number of cuts, depth of cuts, and template clearance. 


operator to start and stop each cut and to set the tracer 
stop correctly for each cut. In addition, the tool motion 
must be stopped while the stop is being positioned and 
the graduations on a handwheel must be read to insure 
proper location of the stop. There is also, of course, the 
constant possibility of human error, which is particularly 
important here because of the repetitious nature of the 
work. 

Basic System. The basic automatic system which 
performs the functions outlined above and solves many 
of the operating problems encountered consists of three 
major units. These are: an operator’s control station in 
which the machine is programmed through a bank of 
selector switches (Fig. 4); an associated relay control 
panel (Fig. 5); and a motor-driven mechanism for 
positioning the tracer stop for various depths of cut 
(Fig. 6). Also included in the system is a grid-controlled 
circuit for sensing contact of the tracer with the template. 

The heart of the control is in the positioning of the 
tracer stop for intermediate depths of cut as called for 
by the individual selector switches (2nd, 3rd, 4th, etc. 
depth of cut). Essentially, corresponding stepping 
switches are pulsed until the stepper matches the selector 
switch set-up. Pulses are tied in with travel of the stop- 
positioning motor through a magnetically operated 
switch. A permanent magnet mounted on the output shaft 
of the motor operates the mercury-wetted contact switch 
every 180 deg of rotation of the shaft. 

In addition to selecting the depth of each cut, the 
operator must select the total number of cuts to be 
made and the amount of clearance between the tracer 
and the stop for the last or finishing cut. 
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Automatic Control. [n setting up the machine for 
automatic control, the operator first decides how many 
roughing cuts will be necessary to remove the excess 
stock from the work piece before it will be possible to 
perform the final finishing cut under template control. 
This number of roughing cuts is then set in on switch S] 
(Fig. 7). The operator next determines the depth of each 
cut he desires to make. This depth is chosen so that a 
small amount of stock is left on the part to be removed 
in the final finishing operation. The depth-of-cut switches 
are then set to the required depth for each particular cut. 

In Fig. 7 only one of the five depth-of-cut selector 
switches (S2) is shown and only eight of the 24 positions 
on each switch are shown. There is no selector-switch 
setting for the first roughing cut. The operator determines 
the depth of this cut by manually setting the tool to the 
proper depth. These switches are all connected in parallel 
between one section of the cut-choice stepping switch (S3) 
and the depth-of-cut stepping switch (S4). The operator 
next sets the template-clearance switch (S5) to provide 
the necessary clearance between the tracer stop and the 
template while making the final cut. 

It should be noted that Fig. 7 is a simplification of 
the automatic control circuits used in making roughing 
cuts and does not include all of the other controls neces- 
sary to operate the lathe since the latter are more or less 
standard for this type of machine. 

When the automatic cycle begins, the machine starts its 
cutting cycle in a normal manner. That is, the tool travels 
toward the work piece under hydraulic control until the 
tracer strikes the internal stop within the tool carriage. 
This stop prevents further radial motion of the tool. The 
carriage then travels longitudinally toward the head- 
stock of the machine under power and at a preselected 
feed rate. Under these conditions a given depth of stock 
is removed from the outer periphery of the work, thus 
reducing its diameter to a point selected by the operator 
when he set the upper stop. The machine continues in this 
manner until the tracer point touches the template. 

As shown in Fig. 7, the tracer point is connected to the 
control grid of an electron tube. When the tracer touches 
the template, the resistance of the grid circuit is dropped 
sufficiently to cause the tube to conduct so that relay 
R1 in its plate circuit is energized. The end of the first 
cut is thus indicated. 

The action of relay RJ has three effects. First, it 
energizes R2, which in turn energizes the stop-positioning 
motor so that it starts to run. Second, the cut-choice 
stepping switch is advanced to the next position or next 


o~ 


Fig 5—Rear view of relay control panel which 
includes d-c power supply and sockets for relays. 


~~ 


Fig. 6—Positioning mechanism which drives 
stop to proper position for each cut can be 
seen at lower part of carriage. 


ELECTRICAL MANUFACTURING 


ysnuvo 





cut: and third, the circuit is set up to energize the 
depth-of-cut stepping switch. Then, as the motor runs and 
drives the stop inward, the magnetic switch on the motor 
shaft is actuated every 180 deg and the depth-of-cut 
switch is advanced until a circuit is completed through 
S2, S3 and S4 to energize relay R3. The stop is now in 
position for the next cut. During this positioning opera- 
tion, the tool slide has retracted under hydraulic power 
and the carriage has been returned toward the tailstock to 
its original starting position. 

When the stop is in position and R3 is energized, the 
circuit to R2 is broken and the motor stops. At the same 
time, a signal is sent to the machine to proceed with 
another pass. The machine now proceeds to go through a 
similar cycle, taking another pass along the work until 
the tracer again touches the template, energizing Rl. 
When RI has caused the advance of the cut-choice step- 
ping switch far enough, relay R4 is energized through the 
number-of-cuts switch S]. This signifies the end of the 
cycle. Relay R1 is removed from the circuit and the upper 
stop is moved off an amount determined by the setting 
of the template-clearance switch S5 so that the template 
may have complete control of the machine. The machine 
now follows the template throughout its entire length and 
finishes the part. At the end of the final pass, a limit 
switch on the rear of the machine is tripped, signalling 
that the part has been finished. 

The stepping switches used in this equipment are 
designed with two coils—one for advancing one step. 
the other for reversing one step. Individual pulses are 
required to energize these coils. For reversing, however. 
a steady signal is used and there is an interrupter in the 
circuit to keep the stepping process going. It will be noted 
that the depth-of-cut switch reverses each time the stop- 
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positioning motor runs. The cut-choice switch is reversed 
by relay R5, which is energized by external circuits at 
the end of the entire working period. 

There are two additional stepping switches not shown 
in Fig. 7 which are pulsed by the switch on the motor 
shaft. They are used in tandem to add up the total move- 
ment of the motor so that, when the cycle is completed, 
the motor operation drives in reverse the proper amount 
to position the stop in its original place. 

The contact of the motor-shaft switch which is in 
series with relay R2 is to prevent the motor from stopping 
when the switch is closed. If this were allowed to happen, 
a false pulse would be generated the next time the motor 
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Fig. 7 Schematic diagram of circuits for controlling roughing 
cuts. 





Behavior of Semiconductor 
and Magnetic Materials in 
Radiation Environment 


Theoretical and experimental behavior 
of several semiconductor and magnetic 
materials under irradiation. Charts and 
graphs are presented to illustrate results 
obtained under specific conditions. Tech- 
niques for minimizing radiation effects 


are also presented. 


ALVIN BOLTAX 

Applied Physics Laboratory 
Nucrear Merats, Ine. 
Cambridge, Mass. 


THE EFFECTS OF A RADIATION ENVIRONMENT on metals, 
semiconductor devices and magnetic materials are con- 
siderable and create a functional problem when electri- 
cal components are exposed. 

Radiation experiments on semiconductor materials and 
devices are progressing rapidly in quantity and quality 
in many laboratories. Much of this work is sponsored by 
the U. S. Air Force, and some of the preliminary results 
will be discussed in this article. 


Radiation Effects on Semiconductor Materials 


Although germanium and silicon are not usually classi- 


fied as metals, they achieve this status partially because 


*Italic numerals in parentheses refer to Cited References at end of article. 
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of their method of fabrication and‘their structural simi- 
larity to metals. (7)* This latter is particularly empha- 
sized in regard to structural defects such as vacancies. 
interstitials, dislocations and grain boundaries. (2) 

There are three basic parameters of semiconductors. 
One is the number of majority carriers, and hence the 
number of minority carriers, since they are related as 
follows: 

(number of electrons) (number of holes) constant 
The second concerns mobilities of both the majority and 
minority carriers, and the third the lifetime of each of 
the carriers. 

The measurement of the number of majority carriers 
is sensitive to lattice defects in the order of 10'* defects 
per cu cm, or one defect per 10° atoms. Sensitivity of 
mobility is 10'® defects per cu cm, or one defect per 
10* atoms. The most sensitive property, lifetime, can 
be measured as 10'° defects per cu cm, or one defect 
per 10°° atoms. The comparable sensitivity in true 
metals is approximately 10'*-10'° defects per cu cm, or 
one defect per 10°-10' atoms, a difference in sensitivity 
of 10°-107 times. 

On exposure to reactor radiation. four simultaneous 
processes occur in a semiconductor. The first is atomic 
displacements by elastic collisions with fast neutrons. 
The others (discussed in previous articles) include an- 
nealing of lattice disturbances, transmutations resulting 
from capture of thermal neutrons, and transient effects 
due to electronic excitation produced by bombardment. 
For purposes of this article. only the first process will 
be discussed in detail. 

The effects of irradiation on p- and n-type germanium 
(3) are shown schematically in Fig. 1. When n-type ma- 
terial is irradiated at temperatures of dry ice (195 K) 
and above, conductivity decreases to a minimum value 
and then increases to some saturation value. It was de- 
termined (3) that the material is converted to p-type 
in the region of the minimum of the curve. The rate 
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Fig. 1—Effect of radiation on germanium crystals. (3) Conduc- 
tivity is shown against integrated flux for typical cases. Nvt 
is the cumulative radiation dose expressed as thermal neu- 
tron flux times radiation time. 


of removal of carriers, determined from the initial slope 
of the n-type curve, is 3.2 electrons per incident high 
energy neutron. For comparison, the thermal flux which 
causes transmutations of germanium to both arsenic 
and gallium causes the net removal of 0.02 electrons 
per incident neutron. The radiation effect on p-type 
material depends strongly on the temperature and initial 
concentration of holes. P-type material with a hole con- 
centration less than a saturation value n*, shows a de- 
crease in hole concentration. 

The rate of change of carrier concentration by fast 
neutron irradiation as a function of the initial hole con- 
centration at dry ice temperature is shown in Fig. 2. 
The value of n*),, a function of temperature, is 1.5 1O' 
per cu em at 195 K. 

Both silicon and cuprous oxide semiconductors suffer 
decreases in conductivity with fast neutron bombard- 
ment, as illustrated in Figs. 3 and 4. The reasons for the 
difference in behavior between germanium semiconduc- 
tors and silicon and cuprous oxide are the different 
electron and hole energy levels created by the vacancies 
and interstitials produced. 

If the interstitials caused by bombardment acted sim- 
ply as donors and the vacancies as acceptors, then the 
bombardment would not change n-type germanium to p- 
type, for the same number of donors and acceptors would 
be formed and would largely cancel each other’s effect. 
(4) In an actual situation, interstitials and vacancies act 
as double donors and acceptors respectively, with energy 
levels probably as shown in Fig. 5. Therefore. an atomic 
displacement gives rise to a total of four levels in the 
forbidden energy region, although only two are impor- 
tant at a time. 

In n-type semiconductor material, the radiation effect 
results when the two electrons from an interstitial fall 
into the two acceptor levels of a vacancy. The net result 
is the formation of two electron traps per vacancy-inter- 
stitial pair consisting of two empty interstitial levels. 
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Techniques For Minimizing Radiation 
Effects in Meta 


1 « Design structural or electrical equipment to oper- 
ate with the characteristics determined by the radia- 
tion damage effect. For example, if the coercive force 
of magnetic materials shows a radiation damage satu- 
ration effect, design components to operate at the 
saturation value. Similarly, a structural material may 
be designed to perform satisfactorily or even use to 
advantage the increased strength and reduced ductility 
caused by irradiation. 


2. Choose the initial state of a material which will 
change least on irradiation. The strengthening effect 
of irradiation on metals is smaller for a given mate- 
rial if the pre-irradiation value is high. Another ex- 
ample is the irradiation-induced conductivity change 
in germanium which, as shown in Figure 2, is a fune- 
tion of initial hole concentration. 


3. Thermal annealing of the original material to 
put an upper limit on damage and to return the prop- 
erties of the material to near-initial values. This pro- 
cedure, for example, would reduce the ductile-to-brittle 
transition in steels to below room temperature. (2) 
The procedure can be readily adopted for electronic 
applications such as in semiconductors and magnetic 
materials by the addition of small heating elements 
surrounding these components. 


4, Design radiation shielding, which is the easiest 
in principle but sometimes very difficult in practice 
because of the weight and bulk of shielding materials. 
Shielding can be designed to reduce radi.tion intensity 
only by a factor of approximately 10, and should 
therefore be used only as a last resort when radiation- 
resistant components are non-existent. (8) 
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Fig. 2. Rate of change of carrier concentration by fast neutron 
irradiation as a function of initial hole concentration at —78 C. 
(3) Initial hole concentration is shown against initial slope for 
p-type germanium samples, 
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Fig. 3—Conductivity vs fast neutron bombardment for p- and 
n-type silicon. (3) 


The deepest inierstitial level B, Fig. 5, will always re- 
move one electron from the conduction band, while the 
higher interstitial level A, about 0.2 ev below the con- 
duction band, will be only partially effective as a trap. 
depending on the temperature. The maximum resistance 
will be reached when bombardment has progressed until 
all conduction electrons are trapped in low-lying levels 
and the top interstitial level is also empty. At this stage. 
one of the empty vacancy levels acts as an acceptor for 
electrons in the full band, accounting for the start in 
p-type conductivity. 

The situation is very different in p-type germanium, 
for the levels are crowded toward the full band. Hole 
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Fig. 4—Conductivity vs integrated fast neutron flux on cuprous 
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oxide at 20 C. (3 


trapping now is responsible for the decrease in conduc- 
tivity, with A and B acting as acceptors of holes, and C 
and D as donors. However, B is a considerably less 
shallow hole trap for p-type material than C is an elec- 
tron trap for n-type material. Thus, while A and D effec- 
tively compensate one another, the behavior of B and C 
will cause an increase or decrease in the number of holes, 
depending on the initial hole concentration and tempera- 
ture. The net result is a decrease in hole concentration, 
if the initial concentration is low enough. However, there 
are many experimental observations which cannot be 
fully explained by this relatively simple model. 

The different results in silicon can be explained by 


Nuclear Radiation Effects on Typical Core Materials 


(after irradiation with 2.7 < 10'* neutrons per sq cm) 
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assuming different positions for the acceptor and donor 
energy levels, owing to the different dielectric constant. 
(5) Proposed energy levels for vacancies and interstitials 
in silicon are represented schematically in Fig. 6. The 
final state of highly irradiated silicon, with the top two 
levels always empty and the bottom two always full. 
leaves levels which are filled only with difficulty from 
the full band or excited to the conduction band. 


Effect of Radiation on Magnetic Materials 

The effects of irradiation on commercial magnetic 
materials were investigated at the Naval Ordnance Lab- 
oratory. (6) Seven materials. as follows. were irradiated: 


l. a transformer material 
9 


3.9 per cent silicon-iron: 
a magnetic amplifier core material—Orthonol: 

3. a very high permeability material—5-79 molybde- 
num Permalloy; 

1. a high saturation flux density material—2-vanadium 
Permendur; 
16-Alfenol: 
50-50 nickel ferrite; and 


oO 


7. a typical powder core—2-8 


5. a nonstrategic alloy 
6. a typical ferrite 
molybdenum Perm- 
alloy. 

The irradiation was performed in the Brookhaven 
reactor under the following conditions: 

1. Neutron flux below 1 ev was 1.8 &« 10% 
per sq cm per sec; 


neutrons 


2. integrated neutron flux (E l ev) 2.7 X 10% 


neutrons per sq cm, (E lev) 0.1] 10'S neutrons 
per sq cm; 


irradiation temperature 40 - 70 C: and 


9 
>. 
1. in-pile and pre-post-irradiation measurements. 


he results of this work are summarized in the accom- 
panying table. (6) The per cent changes tabulated are not 
necessarily the maximum changes because the initial and 
final values of the properties were not. in general, the 
highest or lowest points of the curves. The maximum 
percentage change, rather than the initial-final percentage 
change, will decide the applicability of magnetic com- 
ponents in radiation environments. 
Some of the most interesting results of this work were 
obtained on the order-disorder alloys, including Ortho- 


Fig. 5—Energy levels for vacancies and interstitials in ger- 
manium, (4) 
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nol, 5-79 molybdenum Permalloy, and 16-Alfenol. The 
results obtained on Orthonol. although not completely 
consistent, tend to show the disordering effect of irradi- 
ation on an originally ordered material. Figure 7 shows 
some details of the a-c properties of Orthonol which 
show the disordering effects of neutron irradiation. 
Largest changes caused by irradiation were exhibited 
by the 5-79 molybdenum Permalloy core. The maximum 
permeability of 550,000 before irradiation decreased 86 
per cent to about 77.800 after a dose of 0.34 « 10" 
neutrons per sq cm. It then decreased another 7 per 
cent in a gradual manner, until the total dose of 2.7 
10'S neutrons per sq cm was reached. This effect, 
plus the 815 per cent increase in coercive force (almost 
a factor of 10) and large decreases in B,, B,, and 
Bf Bi. 


core to fail in any circuit requiring the optimum prop- 


would cause the 5-79 molybdenum Permalloy 


erties of this material. The family of curves shown in 
Fig. 8 shows that the damage effect does not appear to 
be linear with irradiation dose, but exhibits a saturation 
effect. 

A 16-Alfenol core material has poor magnetic proper- 
ties in the ordered state. Therefore, an ordered core 
would be 
result of irradiation which would disorder an ordered 


alloy. (2) 


expected to show improved properties as a 


The values in the accompanying table show 
a net improvement, which indicates that some disorder- 
ing has occurred. However, the irradiation dose was 
not enough to change any of the properties sufficiently 
to challenge the typical optimum values obtained with 
thermally disordered 16-Alfenol. 

The work reported above has much in common with 
certain experiments (7) in which radiation damage 
effects on order-disorder in nickel-manganese alloys were 
studied. The effects of irradiation on the intrinsic sat- 
uration induction and electrical resistivity are shown 
in Figs. 9 and 10. Irradiation on initially ordered nickel- 
manganese alloys causes a decrease in the intrinsic 
saturation induction and an increase in electrical re- 
sistivity—indicative of radiation-induced disordering. 
This type of careful basic study on sensitive materials will 
ultimately 


provide the theory which is necessary for 


g. 6--Energy levels for vacancies and interstitials in silicon. 
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interpreting the complex behavior of commercial mag- 
netic materials under irradiation. 

Irom the work on the commercial magnetic materials, 
the following list of conclusions (6) may be presented: 

|. The 2-vanadium Permendur, 16-Alfenol, and 3.5 
per cent silicon-iron alloy cores changed the least on 
irradiation. 

2. The 2-81 molybdenum Permalloy powder core and 
the 50-50 nickel ferrite core were not appreciably affected 
by the irradiation with respect to d-c, 60- and 400-cps 
properties. 

3. The 2-vanadium Permendur. despite its high co- 
ercive force, showed signs of being a stable material for 
magnetic amplifiers, having demonstrated satisfactory 
performance in a saturable reactor circuit at 500 C. 

1. The Orthonol and 5-79 molybdenum Permalloy 
cores showed large changes in their magnetic properties 
with the possibility of causing failure (or at least a 
wide shift in operating characteristics) unless sufficient 
compensation circuitry is included. 

5. The seven materials tested showed similarities in 
behavior. Maximum flux density and rectangularity were 
least affected by irradiation. Exceptions to this were 
Orthonol and 5-79 molybdenum Permalloy. All cores, 
with the possible exception of the 2-81 molybdenum 
Permalloy powder core, showed partial recovery (an- 
nealing at 40 70 C) of one or more magnetic prop- 
erties when the reactor was shut down. The coercive force 
appears to show a radiation damage saturation effect, 
but larger doses are required to reveal whether such 
saturation really occurred. 
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Fig. 7—Effect of irradiation on the 400-cps hysteresis loop of 
Orthonol 1. (6) 
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Minimizing and Using Effects of Irradiation 

on Metals 

To the usual bases for the selection of a metal or alloy 
for a specific engineering purpose must be added several 
considerations when the material is to be exposed to high 
energy particle bombardment. The first consideration 
concerns radiation variables such as neutron flux, inte- 
grated neutron flux, energy spectrum of flux, and tempera- 
ture of irradiation. Also to be considered are behavior 
and inter-relationship of engineering properties under 
irradiation and the characteristics of the annealing out 
of radiation damage and the nuclear capture cross- 
section. 

A choice of material based on a careful evaluation of 
the above factors is the most effective method of mini- 
mizing radiation effects. However, in most practical cases 
a detailed evaluation is impossible because only the 
nuclear capture cross-sections are known with any ac- 
curacy. Current engineering design requires an educated 
guess to solve many of the radiation problems in present- 
day reactors, This situation is temporary, but complete 
answers are not expected for quite some time. For ex- 
ample, the problem of w riting specifications on engineer- 
ing materials for service in nuclear environment cannot 
be solved by making a few mechanical tests because the 
well-known inter-relationships between properties of un- 
irradiated materials have not yet been determined for 
irradiated metals. 
for minimizing radiation 
effects in metals, with examples, are given in the accom- 


Some general techniques 


panying box. 

The possibility of improving the properties of metals 
by irradiation is a secondary but important aspect of 
the radiation effects problem. Beneficial effects of radia- 
tion might become of practical usefulness in improving 
the properties of structural materials and semiconductors. 
For structural materials, the beneficial effect lies in its 
possible use as a substitute for cold work to increase 
hardness and strength or as a means of age-hardening 
in certain alloys. (9) For example. irradiation increases 


the tensile and yield strength of several aluminum alloys 


with only a small decrease in ductility. (2) The decrease 
in ductility is not as great as that caused in alloys 
strengthened by cold rolling. Several age-hardening alloys 
exhibit the phenomenon of “irradiation aging.” Thus, 
irradiation offers a method of age-hardening special 
shapes at low temperatures where conventional heating 
or mechanical working are not feasible. The expensive 
nature of radiation hardening, however, must be realized 
and it should be utilized only in special cases. 

Beneficial characteristics may be developed in semi- 
conductors as follows (9): 

1. Semiconductors with different properties may be 
produced by exposing each type of semiconductor to fast 
or thermal neutrons for different periods of time. Lattice 
defect phenomena. which influence the number or nature 
of the current carriers; or nuclear transmutations, which 
introduce impurity atoms. could be mechanisms for con- 
trolling the properties of semiconductors. 


2. The speed of response of a semiconductor to elec- 
trical impulses increases on exposure to fast neutrons. 


3. Radiation dosimeters based on quantitative property 
changes in semiconductors during irradiation are a 
practical possibility. 
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Dependability of Military Equipment: 
a Systems Approach 


To aid the equipment designer. effects of 
modularization and other approaches to 
increased maintainability and reliability 
are worked out in an example of com- 
plex electronic devices, using statistical 


methods. 


J. G. WOHL, Senior Systems Engineer 
DuNLAP AND Associates, Inc. 
Stamford, Conn. 
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Improved accessi 
bility, replaceablity 
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Fig. 1—Factors which contribute to dependability, and their 
level of application. 


TO MEET THE DEMANDING REQUIREMENTS of modern 
warfare. weapons systems have become increasingly com- 
plex. The advent of radar and sonar. guided and ballistic 
missiles. digital computers, supersonic jet aircraft, and 
the atomic submarine all serve to emphasize this rapidly 
developing condition. In many instances human opera- 
tors. because of their limited ability to react and respond 
quickly. accurately and powerfully, have been supplanted 
by entirely automatic devices which are more precise. 
more powerful, and instantaneous in their response. 

It has become increasingly clear. however, that these 
ereat technological advances are being accompanied by 
some very undesirable effects. the most significant of 
which may be laid directly to a single factor unde- 
pendable equipment. 

New electronic techniques and components, the advent 
of automation, the ever-increasing complexity of modern 
equipment. the growing tactical and strategical depend- 
ence upon new devices and systems, and the lack of 
sufficient numbers of adequately trained maintenance 
technicians have all combined to cause this serious re- 
duction in equipment dependability and a parallel in- 
crease in maintenance problems. A striking example of 
the relationship between dependability and equipment 
complexity was given in a recent report by a Department 
of Defense Advisory Group.* This study showed, among 
other things. that the frequency of equipment failure 
increased approximately linearly with equipment com- 
plexity (as measured by total number of electron tubes) 
for a large number of Armed Services electronic devices. 
Similar results from other studies by Aeronautical Radio, 
Inc., provide evidence that. as we come to depend more 
and more on technological advances to maintain our edge 
of fighting superiority, the factor of equipment depend- 
ability will become increasingly critical to the success 
of military operations. 

Equipment dependability has many ramifications in 
the realms of reliability, maintainability, economic de- 
sirability, spare parts inventory requirements, manpower, 
engineering state-of-the-art, design practice, packaging 
or unitization, and checkout and test equipment. The 
importance of these ramifications is not always acted 
upon, not always even recognized. For example, the fact 
that decisions on packaging of equipment sub-units will 
directly affect spare parts inventory and maintenance 
manpower requirements three to five years later is not 
generally known. It is the purpose of this article to seek 
out, in a systematic manner, some of the important 
ramifications of equipment dependability and in so doing 


**Reliability of Electronic Equipment,” 
Reliability of Electronic Equipment, De 
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to demonstrate the utility of a systems engineering 


approach. 


Definition of Dependability 

What. exactly, is meant by the term “equipment 
dependability?” Its use in this article stems from the fact 
that successful performance of a military mission depends 
literally upon the proper functioning of a number of 
devices during certain time intervals throughout the 
duration of the mission. Two questions are involved 
here: (1) will a given device or system function prop- 
erly when its services are required? (2) If not, can it 
be repaired in time to be effective? 

The first question refers. of course. to the problem of 
reliability. This has long been under intensive study by 
the Armed Forces and their industrial contractors in an 
effort to find methods for its improvement. The common 
measure of reliability of a given device is its mean op- 
erating time between failures. 

The second question refers to a somewhat less familiar 
problem — that of maintainability or ease and rapidity 
of maintaining equipment. This problem is beginning to 
receive more attention, but efforts in this area are still 
far from adequate. An important measure of equipment 
maintainability is mean down time, or inoperative time 
during which equipment is either actively undergoing 
or waiting for maintenance. (Waiting may be either for 
spares or men.) 

Dependability can thus be 
ratio: 

Dependability ( Mean operating time between pattures 

Mean down time 
As such, it is an inherent result of the development. 
design and systems engineering process. This ratio will 
be shown to bear a critical relationship to the important 
ramifications of equipment dependability. It is directly 
related to the more familiar terms of reliability and 
maintainability. 


Fundamental Systems Engineering 
Consideration: an Example 

As is evident from the foregoing ratio. dependability 
can be improved by effecting either an increase in the 
mean operating time between failures of a device (im- 
proving reliability) or a decrease in the mean down 
time (improving maintainability). Improvement in eithet 
is a basic systems engineering and design responsibility 
and cannot be sloughed off onto the production or in- 
spection ends of a business. 

Some of the secondary factors which contribute to 
equipment dependability are charted in Fig. 1. The ways 
in which dependability can be improved by responsible 
engineering and management personnel are self-evident 
as design requirements. 

The questions then arise: “How far should one go in 
attempting to improve reliability and maintainability ? 
Should one do all that is economically feasible? Or will 
there perhaps be significant side-effects which. when 
taken into account, might seriously affect one’s decision 
concerning engineering effort and approach as applied 
to improvement of reliability and maintainability?” 

In other words, what are the larger system considera- 
tions associated with equipment dependability ? 

An extended example will develop some of these con- 
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defined as a measurable 


Dependability and Maintenance Man- 
power: a Serious Design Consideration 


Although the dependability problem stems largely 
from technical advances, its effects are deeply felt in 
the area of manpower utilization. Maintenance tech- 
nicians in the field must bear the brunt of the prob- 
lem; their tasks become more difficult and time-con- 
suming with increasing equipment complexity. Thus, 
more men are required to provide an adequate main- 
tenance “pool” for a given number of devices. In 
addition, recently developed circuitry and engineering 
techniques necessitate a higher level of maintenance ~ 
training (equivalent in some instances to several years 
of engineering school) than has been required in the 
past. This training problem, together with the low 
re-enlistment rate and the necessity for more stringent 
personnel selection requirements, has resulted in a 
critical reduction in the number of available, highly- 
trained military maintenance technicians. 


siderations and illustrate the use of analytical techniques 
as an aid to decision-making in the realm of engineering 
for dependability. 

Beginning with the general operational requirements 
for a total system, let us assume that five identical elec- 
tronic devices are needed at a given place for a two 8-hr 
shift operation. This means that they are to be operated 
continuously for 16 hr per day and shut off for & hr 
per day, for a duty cycle of 24. Assume further that 
there should be a probability of 0.9 that at least four 
are in operation at any time during the operational 16 hr 
of each day. (These are severe but nonetheless realistic 


operational requirements.) Next. assume that only cor- 
performed. Finally, as an 


rective maintenance will be 
indication of equipment complexity, assume that each 
device contains the equivalent of 100 electron tubes. Our 
problem, then, is to develop considerations, specific to 
the devices in question, which will serve as detailed de- 
pendability guide lines to the engineers who must con- 
ceive, engineer and design these devices. 

In this example we shall emphasize the systems en- 
gineering often 
neglected in favor of the more obvious kinds of maintain- 
ability and reliability considerations involved in sub- 


considerations, since they are most 


system, assembly, subassembly and component design. 

It is a well-known phenomenon that devices of such a 
degree of assumed complexity are subject to random 
failures or breakdowns which usually follow an exponen- 
tial probability distribution.* They can be characterized 
by an exponential decay of survival probability as indi- 
cated in Fig. 2. This means that the probability that a 
device is still operating after a time ¢ decreases 
exponentially with time. The rate of decrease or decay 
is governed by the parameter /, which is the character- 
istic mean failure rate for the device. Its reciprocal. 
i L/h, 


mentioned mean operating time between failures. 


represents the better-known and previously 


\ second consideration of importance here is that 
average electron tube life is about 5000 hr. given con- 
servative circuit design for a specified environment and 
that this environment remains within certain limits. For 
a device with 100 tubes, the mean operating time between 
failures can be predicted as 5000/100 50 hr. Let us 
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take this as representative of the best possible basic 
logical design for this class of device, implying that 
further simplification and attendant reduction in mean 
failure rate is not within the present state of the art. 
Next. let us examine the latitude which engineers have 
in the actual physical design of the devices. First of all, 
the simplest logical design includes no circuit provisions 
for self checking, trouble anticipation, automatic trouble 
shooting, or even check points. Introduction of these 
maintainability provisions immediately complicates the 
design and may increase the failure rate of the device. 
No wonder that insufficient attention has been given to 
Fig. 2—Probability of equipment survival as a function of time, maintainability design in the past! However, the design 
assuming random failures. engineers would gladly incorporate any or all such pro- 
visions, provided that the attendant loss in reliability 
could be compensated somewhere else in the system, in 
terms of such things as decreased down time, main- 





tenance manpower requirements, checkout equipment 
requirements, or spare parts provisioning requirements. 
Thus, the designer does have some degree of latitude in 


+ ©) 
/ 


extending the final design of the device to include extra 
circuitry for facilitation of maintenance. However, the 


(Do 





degree is limited by the requirement for balancing out 


out of five devices 


rea 


increased failure rate against other desirable maintain- 
ability features. with the effects of which he is not usually 
concerned, 


eost four 
ac req 
3 | 


Secondly, the engineer appears to have almost unre- 


Lelale! 


stricted latitude in physical packaging of the device. in 


thot 


t= //A= mean time between failures its division into subsystems, assemblies. subassemblies 
=75 hr 


1, = //4s= meon repair time = 25 hr 


he aner 


ty 


and minimum replaceable units or modules. However, 


oO 
nN 


in the military every decision made in this area is im- 
mediately reflected in such things as logistics require- 
ments; spare parts inventory storage; selection, training 





2 ; and number of maintenance personnel; maintenance 
Number: of repairmen in pc procedures; number of maintenance echelons; device 
mobility: checkout equipment; and total system cost 
Fig. 3-—Probability that four out of five devices will be opera- (again, things with which the design engineer is not 
tive vs number of repairmen in maintenance pool. usually concerned). Thus, the range of possible design 
is seen to be limited by many systems engineering fac- 
tors. both in terms of extra circuitry and physical pack- 
aging of equipment to facilitate maintenance. 
One may well ask. “To what precise end is the engineer 
designing when he includes maintainability considera- 
tions?” Additional circuitry and careful attention to 


“es 





packaging will certainly reduce the maintenance time 





dey 
' 


for one unit, but will such factors result in unacceptable 


+P 


manpower or logistics requirements? 





) 


of five 


CP, 


Insight into this type of problem can be gained through 
the application of probability theory and, especially. 
later developments in queueing theory.j Let t, = 1/p be 
the mean time required for active repair of a device, 





assuming that all required parts are immediately avail- 
able and that the exact times for any particular repairs 
are randomly distributed according to the Poisson dis- 
tribution. This means that the probability that a failed 
; | device is still being repaired after a time ¢ (measured 
eee | | from start of repair) is given by the expression: 


Pr) e Htt 


at least four out 


y= //A = mean time between failures =75 hr 


thot 


i, = 4p = mean repair time 


it 


will be operating as required 


Probob 


where » represents the mean repair rate capability in 
“ L : : devices per hour (reciprocal of mean repair time). 
Let P, = probability that exactly n devices will be 
+Queues, Inventories and Maintenance, by P. M. Morse (Wiley, 1958) contains 
a ia J in excellent account of this and other related problems. 
Fig. 4—Effect on operating probability of decreasing repair This assumption was recently corroborated in ly by Aeronautical Radio 


. . Inc hich appears in their ‘*Yearly Revie of Pr ess’ o ontract sr- 
time through package design. 64508, April 1.1988 (Publ. No. 116) , ; ae: 


Number of repairmen in pool ,r 


PE 
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“down” (i.e., either being repaired or waiting to be values of r. The results are plotted in Fig. 3. It is evident 
repaired) at any given time, Let r = the number of that the required operating probability of 0.9 cannot be 
repairmen available from a “pool,” with only one re- met, regardless of the number of repairmen assigned. 

airman being assigned per failure. Remembering that Let us examine next the effects of repackaging or 
he mean operating time between failures, 1/7 50 hr, unitizing to reduce maintenance time. In Fig. 4 are 
and the duty cycle 24 for the devices in the problem, plotted the same variables as before, but for decreasing 
we see that mean total time between failures, (1/A) 7, values of mean repair time (tf, 1/n). We see that it 
is given by does not become possible to meet the system operating 
requirements until the mean repair time is brought 
down to about 10 hr, in which case a pool of five repair- 
men must be continually available during the operational 

Let us further assume for this example that no addi- 16 hr of each day for corrective maintenance. 

tional circuitry is to be included for maintenance facilita- \ remarkable effect occurs when the mean repair time 
tion. and that the only design latitude permitted is in is further reduced, through improved packaging, to 71% 
equipment packaging. Finally, assume some particular hr. As shown in Fig. 4, the number of 


75 hr 


repairmen re- 
method of packaging which results in an extremely long quired to meet and maintain the system operating re- 
average repair time ¢, ¥P 925 hr (this includes quirement (probability of 0.9 that at least four devices 
trouble shooting, access time. replacement time and are operating) is reduced to just two, A 25 


per cent 

checkout time as well as soldering and other actual re- reduction in repair time at this point thus results in a 

pair times). From classical queueing theory, it can be 60 per cent reduction in personnel requirements. This is 

Ste: eas a noteworthy result in that repairmen represent continu- 
ing costs throughout the life of the device, whereas initial 
design effort involved in packaging may be only a few 
man-months. The overall return on a small engineering 
investment can thus be enormous. 


| The preceding calculations assumed no waiting for 
Cm , 


where. in addition to the variables previously defined. 
m is the total number of identical devices to be main- 
tained (five, in this example). 
Note the importance, by virtue of its increasing ex- be . 
c , = probability of failure in time t 


= number of spare boxes required 


= volume of space for storage of a box 
= total storage space for N boxes = NV 


=P4+Pep 
P,/2 
N/2, Na + Nga =N 


ponent, of the term (/./,). But, from our previous defini- 
tions of A and py this term can be replaced by its defini- 
tional equivalent, (t,/t;), which is the inverse of the 
dependability ratio defined earlier. 


We know that 


VY) 


\\\ 


= 2NaVa = 2ANV/A) 


This simply — the fact that one of the alterna = Ps =P,/2 
tives must occur. ow I, = Nz = N/2,Na +Na =N 
= (QV 
=(4)V 
NaVa + NaVa = 3NV/8 + NV/8 
NV/2 
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Nu Vin = 8NV/6 


ed 
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and 


P. Ee =) Po for the other values of n. 
Po 


Finally, the probability that at least four devices will be 
operating at any time is the same as the probability that 
one or less will be “down.” This is simply Py -+- P;, and 
the sum should equal 0.9 as required in the example. We 
have calculated Py -+- P; (using the foregoing values of 
1/2. = 75 hr, 1/u = 25 hr and m = 5) for different 


Ls) 
Re & 
\o\e\ 

ORY, 


n= V/ 
” + Nol 
/8 


= NV 


Fig. 5 Effeet of modularization upon failure probability and 
spares requirements, 
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spare parts. In actuality, down time is composed of repair 
time, plus time waiting for repair men, plus time waiting 
for spare parts. Average waiting time for repair men can 
be calculated from the queueing theory model. However. 
time waiting for spare parts is independent of the fore- 
going factors and depends entirely upon the spare parts 
inventory policy and supply line problems associated with 
the devices in question. Results of current researches into 
logistics and supply operations will undoubtedly be useful 
in developing a basis for estimating this factor. 

To determine the effect of packaging or equipment 
modularization upon spare parts inventory requirements, 
let us first suppose that when a device fails, it is replaced 
in toto by a spare complete device. There is no main- 
tenance per se. What. then, is the number of spare devices 
required in inventory to assure (with a given probability 
of being correct) that at least four devices can be oper- 
ating as required? 

If failures follow a Poisson distribution, then the ex- 
pected number of failures per device in a time ft is: 


I (f) Al 


where 


N failure rate in failures ‘hr 
t time in hours 
E(f) expected number of failures per device in time { 


Suppose we restock our inventory each calendar month. 
Then 1 one month 720 hr. Using the previous 
value of 7 1/75 hr, we obtain the expec ted number 


of failures per device per month. 
Ef) 


From any table of the Poisson distribution functions we 
can now determine the maximum number of failures per 
device per month for any desired level of assurance. 
given an expected number of failures per device E(/) 

9.6. For an 83 per cent level of assurance, the answet 
is up to 12 failures maximum per operating device. This 
means that we must maintain a monthly inventory level 
of 12 spares per operating device, or a total of 60 spares 
for an assurance of 83 per cent that replacement will 
always be available for all five operating devices. Since 
replacer rents for only four devices are required, 60 
spares raise the assurance level to around 90 per cent. 
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Fig. 6—Effect of modularization on spares storage space re- 
quirements. 
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If replacement devices are subdivided so that the 
likelihood of failure in the original device is divided 
equally between the subpackages or modules, then it can 
be shown that the ‘otal number of spare modules re- 
quired will equal the total number of spare original de- 
vices required to meet the imposed confidence levels. 
However, because of the subdivision into smaller units, 
the total storage space required for spare modules will 
be smaller than that required for spare original devices. 
How much smaller depends upon: (1) the method of 
wrapping to withstand environmental extremes or stor- 
age. and (2) the number of subdivisions. The only as- 
sumption is that the failure probability of the original 
device be apportioned equally among the modules, re- 
gardless of possible differences in their size or shape. 
These facts are demonstrated in Fig. 5. 

The relationship between spares. storage space and 
equipment modularization is plotted in Fig. 6, for the 
case where only bare equipment is stored (i.e., no en- 
vironmental wrapping). Suppose that the volume per unit 
must be doubled to provide adequate protection against 
the elements: the same curve would still hold, 

Of course. there are several opposing factors working 
here. or else equipment would be modularized ad infi- 
nitum. One is that the additional space for environmental 
wrapping is not necessarily represented by a straight 
percentage volume increase applied to each module, re- 
gardless of size. Another is that, as spare parts become 
smaller and more numerous, an increasing amount of 
inventory access space (otherwise unusable) is required. 
Both of these factors would tend to reduce the rate of 
descent of the curve in Fig. 6, and eventually the curve 
should show an upswing after going through a minimum. 
Finally, in addition to these factors, subdivision of a 
device into many small units would tend to increase the 
time to localize the source of a trouble and might ad- 
versely affect test equipment requirements. Substantially 
more study is required before the specific nature of these 
relationships and thus a rational basis for equipment 
modularization can be determined. 


Conclusions 


The foregoing example serves to demonstrate that 
design decisions affecting equipment dependability can 
have serious repercussions in such other spheres of over- 
all system operation as spare parts inventory require- 
ments and maintenance manpower. Mathematical models 
were used to demonstrate the specific relationships among 
dependability, maintenance manpower, and spare parts 
inventory requirements. 

From the example it may be concluded that. for each 
design consideration which affects equipment depend- 
ability, both the designer and technical manager must 
reckon with its side effects on manpower and spares. 

\ second conclusion which may be drawn from the 
foregoing analysis is that the dependability ratio pro- 
vides an index or criterion of equipment dependability 
which can easily be used as a basis for comparative 
design evaluation. 


Third, the dependability ratio demonstrates clearly the 
linear trade-off that can take place between reliability and 
maintainability. For aircraft and missile systems. this 


statement refers only to system readiness reliability. or 


(Continued on page 153) 
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- Hysteresis Torque Limits Lifted 
with New Magnetic Alloy 


The operating principle of important been found. Composition and properties are given in 
Table I and in Fig. 1. 
types of motors. clutches and similar de- The magnetic properties of the alloy suggest applica- 
° ‘ . m tions for which the magnetization forces necessary with 
OUCes US hysteresis torque. he nature of materials such as the high cobalt steels, the cobalt-nickel- 
this torque is well known. and magnetic iron alloys, the cobalt-vanadium-iron alloys, and the 
; ’ y Alnicos are excessive, and where maximum hysteresis loss 
alloy properties jor maximum torque can vs magnetizing force is necessary. Alloy P-6 is adaptable 
readily be defined theoretically. A new to many applications where various types of magnetic 
: , : chrome, carbon, tungsten and relatively low-percentage 
alloy exhibits many of the desired mag- cobalt steels, such as 17 per cent, are commonly utilized. 
. , \ comparison of d-c magnetization curves for various 


netic properties and shows promise of 2. 


materials is shown in Fig. 
leading to significantly higher torques for Hysteresis Rotor Material. A hysteresis motor 


synchronous motors and other hysteresis 
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; ENERGY 
ADVANCES IN THE APPLICATION of the hysteresis torque 7 PRODUCT 


principle, coupled with the availability of a larger variety i a aay PT |; CURVE 


and increased energy permanent magnet materials, have al eae Ged © ya TT + 
allowed the design of hysteresis torque devices with a r 1 a on ee 


greatly increased efliciencies. Formerly used materials 





required high excitation to produce high flux densities 
which, resulting in excessive losses, limited the designs 
to low-power and low-torque applications. With the in- So 
| ORIGINAL 

MAGNETIZATION 
') CURVE am? 


troduction of cobalt steels, cobalt-nickel-iron alloys, co- 
balt-vanadium-iron alloys and Alnicos, appreciable powe1 


Induction, Kilogausses 


is now available to extend the application of hysteresis eas SS IE + teen eS ee 
torque to timers, gyro motors, data transmitting motors. oe oe | | it | | HYSTERESIS LOOP, | 
hysteresis brakes, and hysteresis clutches. | ____ ENERGY PRODUCT, AND 
For some time, even with design horizons extended by | | MAGNETIZATION =| 
CURVES FOR PS 











the above materials, there has been a need for a ma- | | 
terial which would produce high hysteresis loss with . Magnetizing Force, Oersteds 


relatively low magnetizing forces. After years of research ; ’ a [ 4 ai | 200 | 300 | H 
. . . . 3 cr T 80 f | 

by the General Electric Company, a carbon-free perma- ‘ eT Te 

nent magnet material with the desired characteristics has he. ‘ao. 
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Table I—Typical Chemical and Physical Properties 
of P-6 Alloy 





Cobalt 45.0 per cent 
Nickel 6.0 per cent 
Vanadium 4.0 per cent 
Iron remainder 
Density 


Weight. 


8.16 gm/cu cm 
0.285 Ib/cu in 


Magnetic and Electrical Properties 


D-C magnetization 

Maximum permeability 

Electrical resistivity (microhms cm ‘sq cm 
A-C hysteresis loop 


Peak H, oersteds ‘7 000 
Peak B, gauss ~~ 19,000 
Residual induction, B,, gauss 14,200 
Maximum energy product (B;H 410 ,000 
Coercive force, oersteds... 60 


Loss (gauss-oersteds) at peak H 90 2.5 X 190° 


TOSSOSOESOSSSHSSSSSSSHSOEOOOSHESECOOOCCOCO 


consists of a wound stator and a rotor constructed of a 
hard magnetic material. Stator currents establish a re- 
volving field in the rotor, where hysteresis causes the 
flux density to lag behind the magnetic intensity. The 
space phase angle between the stator magnetomotive 
force and the resultant flux gives rise to an impelling 
torque, produced without the aid of rotor currents o1 
salient poles. Self-starting as well as synchronous, the 
hysteresis motor has been used in phonographs, traffic 
signal controls and gyros, and, with modifications, in 
clocks and timers. 


Table Il—Magnetic Properties of Various Alloys 


Torque developed in hysteresis motors is proportional 
to the hysteresis loss in the permanent magnet rotor ma- 
terial. This torque is theoretically represented by the 
formula 

KNVH (1) 
where 

7 maximum possible torque output 

K constant, depending on system units 

\ number of poles produced by stator winding 

J volume of hysteresis-loss material 

ut hysteresis loss per cycle per unit volume 


Generally. W), or hysteresis loss is considered to be the 
area of the hysteresis loop describing one magnetic cycle 
of a rotor segment. From the above formula, therefore. 
it is apparent that it is desirable to obtain the highest 
possible value of hysteresis loss in the rotor material. 
Chis. of necessity. is limited by the fact that the flux. 7. 
and the magnetomotive force. F. to produce this loss must 
be supplied by the stator. The stator must also develop 
the magnetomotive force necessary to drive this flux 
across the air gap. 

With respect to the magnetic flux path in the rotor. 
there are two important relationships that must be con- 
sidered in the selection of the proper rotor material. The 
first relates the magnetic induction PB in the rotor to the 
flux, ». produced by the stator: 

” BA (2) 
In this expression A is the cross-sectional area of the 
flux path in the rotor or hysteresis material. This area 
will be chosen on the basis of the available flux and the 
induction necessary for desired operational characteris- 
tics of the material. 

The second relationship shows the influence of the 





Peak H, 


Material oersteds } gauss 





Peak B, 


Coercive force, | Residual induction, 
H., oersteds B, = gauss 





5.75 per cent chrome 
steel 


17 per cent cobalt steel 

















6 per cent tungsten 
magnet steel 
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D.C. MAGNETIZATION CURVES FOR 


B—H 


Intrinsic Flux Density Bi Kilogauss Bi 


100 


Magnetizing Force -H -Oersteds 


Fig. 2 
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length L of the flux path and the field intensity H in the 
rotor upon the magnetomotive force supplied by the 


stator: 

F = dH L (3) 
the length ol 
the flux path should be chosen so that the field intensity 


Here. for a given magnetomotive force F, 


will be adequate to induce the required induction in the 


rotor. 
In choosing the proper field intensity H and induction 
B for a rotor, the designer should consider one more 
important point: that is. the degree to which potential 
rotor materials uitilize the peak values of B and H. This 
can be determined with a comparison of energy factors 
for the different rotor materials under consideration. 
Energy Factor. There are various magnetic ma- 
terials whose hysteresis loops have the same peak values 
of B and H. Their hysteresis losses, however, or the areas 
enclosed by the separate loops for the different materials. 
may vary considerably. For this reason a comparative 
relationship known as the energy factor has been derived 
to analyze the hysteresis loss of magnetic materials. 
The energy factor is determined by constructing a 
rectangle with sides parallel to the co-ordinate axes of 
the hysteresis loop and two opposite corners intersecting 
the peak points of the hysteresis loop. The ratio of the 
area of the loop to the area of the rectangle is the energy 
factor. Materials used in hysteresis motors, for example. 
generally have energy factors ranging from 0.45 to 0.75. 
Figure 3 depicts two magnetic materials that have iden- 
tical peak B and H values but whose loops enclose sub- 
stantially different areas. Obviously the energy factor of 
the solid line loop is greater than that of the dotted line 
By plotting the energy factor curve vs peak applied 
magnetomotive force for a rotor material, it is seen that 
the curve has a maximum point. This maximum energy 
factor value, when plotted on the same graph as the hys- 
teresis loop for the material, corresponds to the upper 
end of the steep portion of the slope of the hysteresis loop. 
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TWO MAGNETIC MATERIALS HAVING 
IDENTICAL PEAK MAGNETIZATION VALUES, 
BUT EXHIBITING DIFFERENT LOOP AREAS. 


Fig. 3 
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RELATIONSHIP BETWEEN PEAK MAGNETIZATION FORCES 
AND ENERGY FACTOR OF P-4 ALLOY 
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Fig. 5 
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Fig. 6 


Figure 4 illustrates the peak value of the energy factor 
curve and its relationship with the steep slope of the 
P-6 hysteresis loop. This maximum energy factor value 
occurs at the point of maximum permeability of the 
material. In most cases, it has been found that materials 
with steeper hysteresis loop slopes have higher energy 
factors and more peaked energy factor curves. Therefore, 
for maximum efficiency and minimum size and weight. 
the hysteresis rotor should be designed close to the maxi- 
mum energy factor. 
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Rotor Design. Three basically different rotor designs 
have been used in hysteresis motors, and the rotor ma- 
terial selection factors vary with the particular rotor type. 
Rotors are designed with thin-walled high hysteresis ma- 
terial next to the air gap, on a core of high permeability 
material, and also with thick-walled relatively high-hys- 
teresis material without a magnetic inner core. External 
rotors are also used. 

In the first type. L in Eq (3) is only the thickness 
(taken twice) through the rotor wall, the remaining part 
of the rotor flux path consuming negligible magneto- 
motive force. A, in Eq (2), is the area of the path through 
the wall. This design allows the use of material which 
operates at lower induction values but requires consider- 
ably higher magnetomotive forces to magnetize. Materials 
used for this type of rotor are the cobalt-nickel-iron 
alloys, the cobalt-vanadium-iron alloys and the Alnicos. 
In this design magnetic field strengths of 1000 oersteds 
are not uncommon, the higher hysteresis loss of the ma- 
terial being somewhat offset by the smaller volume 
utilized. 

With the second design, L in Eq (3) is the complete 
length of the flux path, and 4 in Eq (2) is the cross- 
sectional area of this same path. For a typical value of 
F, H would not be very large. about 100 oersteds or less 
being representative. 

The third design. incorporating an internal stator and 
likewise 


hibiting high permeability and relatively large loop areas. 


external rotor, requires rotor materials ex- 
Magnetomotive forces capable of producing an H value 
in the rotor material of 60 to 90 oersteds are reasonable. 

Magnetic alloy P-6 was developed primarily for the 
second and third types of rotor design. In comparison 
with the various other types of possible rotor materials. 
P-6 shows highly desirable characteristics for hysteresis 
motor applications, Table II. Most important, P-6 pro- 
vides the highest hysteresis loss of the materials tested for 
the applied peak magnetizing force. A comparison of the 
energy factor and hysteresis loss of three rotor materials 
is shown in Figs 5 and 6. Obviously, P-6 alloy is capable 
of supplying superior hysteresis characteristics in designs 
where a maximum of 100 oersteds magnetizing force is 
available. 

Before final heat-treatment, P-6 alloy is ductile and 
can be machined or stamped by the user for a desired 
\ final heat-treatment at 600 C for two 
hours in a cracked-gas or hydrogen atmosphere furnace 


configuration. 


is necessary to magnetically age the material. This high- 
temperature heat-treatment is a decided advantage in 
favor of this material, as it is conducive to temperature 
stability. For operating temperatures as high as 320 C, 
the P-6 alloy shows no alteration of magnetic character- 
istics. On the other hand, tungsten and cobalt magnet 
alloys are usually age-hardened in the region of 100 C 
to 175 C and are subject to further aging at these ele- 
vated temperatures. 

At present, P-6 is available in either strip or wire form. 
The strips range in thickness from 0.006 to 0.100 in. and 
in widths from 0.125 up to 4.0 in. Wire diameters range 
from 0.0201 to 0.102 in. Development work is now under- 
way to determine the feasibility of various other forming 
operations. Because of its ductility, it is expected that 
in the near future swaging, welding, extruding, and tube 
and rod drawing will all be possible with P-6 magnetic 
alloy. o:a°5 
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Electromagnet Copper-to-lron Ratio 
for Optimal Design 


Primarily because of the non-linear 


characteristics of magnetic materials, the 
designer of practical electromagnetic de- 
vices uses both analytical and successive 
approximation methods. Rational analysis 
of the important design question of pro- 
portion of copper to iron can lead to 
general conclusions not evident from a 
trial-and-error process. A design example 


illustrates the approach. 


TURE LINDSTROM 

Engineering Consultant 

fir Arm Division 

WESTINGHOUSE ELectric CoRPORATION 
Baltimore, Md. 


BoTH EFFICIENCY AND RELIABILITY are relative terms, and 
these properties can be evaluated for a particular design 
only in terms of comparison with other designs by testing 
and other forms of experience, It is possible for the 
designer to aim for highest reliability and efficiency by 
analytical consideration of the physical factors that 
have direct bearing on these properties. Analytical design 
permits purposeful exercise of design judgment in com- 
promising one factor in favor of another. 

The detailed design of a continuous rated d-c electro- 
magnet can serve as a good example of analytical design 
for performance and cost efficiency. A component with 
continuous rating is selected because in electromagnetic 
equipment, temperature rise is an important design de- 
terminant and is of more significance in a continuous- 
rated than in an intermittent-rated device. 

When the coil of an electromagnet is energized, its 
temperature rises with a consequent increase in coil 
resistance. The results are reductions in air-gap pull and 
in rate of heat generation in the coil. With the necessary 
physical data available, such as of the winding conduct- 
ing material and the magnetic materials employed, the 
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Fig. 1—Electromagnet used as design illustration. 


calculation of magnetic force and of mechanical and 
physical dimensions is relatively direct, but the all- 
important average coil temperature and the economically 
important question of optimal proportioning of coil 
copper to magnetic core iron for maximum air-gap pull 
require experience-based estimation and careful analysis. 

Electromagnet Design. For the magnet shown in 
Fig. 1 having the dimensions and operating conditions 
indicated in Table I, we are to determine the optimum 
ratio between coil depth and magnetic core diameter for 
the magnet as a continuous rated d-c device. the maximum 
air-gap pull based on certain simplifications, and then the 
corrected actual air-gap pull based on the magnetic circuit 
total reluctance. 





lable I] is a list of symbols employed in the analysis 
and defines the significance of symbol subscripts. 

The basis of calculations is that magnetic pull at 
minimum current and maximum air-gap must exceed 
the sum of-all forces resisting the magnetic pull. For 
determination of pull at any position of the moving core 
this same premise is employed. Since the assumption 
static magnetic pull, the accumulated 
mechanical energy of the core in motion provides a 


considers only 


margin on the conservative side 

Coil and Core Ratio. For th: 
ratio of radial coil depth to core diameter for maximum 
Static 
air-gap (that is, 0.125 in. long) will be used as the basis. 
with operating conditions of Table I. 


magnet of Fig. | 


pull is to be determined. pull with maximum 


Diameter of the iron core dD, 2.188 —0.188 2Y. on 


D, =2(1 — X) 


Area of the air-gap core section 1 =(7/4)DY 


1 =-7(1 — X) 
, _ 144A ( NIV 
: 10? (5 ) 


Number of turns in coil \ 


Air-gap pull in Ib 


d 


VW/R3s 


(B XY) a NC 
12.000 


Current in amperes 


Coil resistance R 


12.000 
(B —X) x N¢ 


Square of the current 


12.000 WAN 


NI)? = 
(ND) (B— X) x ¢ 


Square of the ampere turns 


PN. 28,200 SUX 
i { \ r 
d and (NI) C;;,d? x (B —X) 


Phe air-zap pull by using values shown equals 


1.4 28,200 SW X 
P . 
(l— AY CP AB ON)L 


Sut 


10 


3.95 SW X(1—X) 
LW Cyd? Le B \ 


Simplifying, P 


3.95 SU 


10° Cyd? 1 


If A 


¥(l—A) 
pP 

lr 
dP _(6 K) 2X (X )+(B-NA 
dr (B \) 


dP Ba \) 2X Ci 
dr (B — X) 


\)(B \) 


dP (1 Y)(B BX — 2BX¥+ 2X) 
dr (B \): 
ox? — 3BX +B =0 


3B + V GBB) — 8B 
H 
B 2.188 and XY 0.375 in. (12) 
The radial depth of the coil winding is 0.375 in. and the core 
diameter D, 2 X) = 1.25 in. (13) 


\ 


The ratio for maximum air-gap pull 0.30 11) 
I 


dD, 


To summarize, for a continuous rated d-c_ electro- 


magnet coil the coil depth should be approximately 


30 per cent of core diameter for optimal design. 
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12 16 
H, gilberts per cm 
Fig. 2—D-C magnetization characteristic, cold drawn steel bar, 
open-hearth screw machine stock. 


Static Pull. In order to design the winding, a first 
approximation of maximum static pull at maximum air- 
gap must be derived. 

- , X(1 \)2 
Maximum air-gap pull = P = A ; ‘7 

With coil voltage 

75 C. and since X 


110. coil temperature assumed 


0.375 in. and B 2.188 in., 


P = 0.0808 Kk 
Since A 


Pp 3.19 SU 13 
104 Cys 2 Ly and 
Maximum air-gap L, 0.125, and the space factor S 

can be assumed to be in the order of 100 per cent when 

using enameled copper wire, closely layer-wound. 


2.04 W 
Pica 5 (16) 


10? C;; d? 

In Eq (16), the factor WV is the power dissipated in 
the coil and is a measure of heat generation. The per- 
missible power dissipation depends upon ambient tem- 
perature, final coil temperature to be allowed, and the 
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Table I—Dimensions and Operating 
Coriditions for Electromagnet Design 





Approximate overall dimensions 


Outside coil diameter 2.188 in. 


Length of coil 2.35 in. 


Active air-gap 0.125 in. 
Maximum coil temperature 79 
Operating voltage = 110 volts d-e 


Radial coil clearance with core 


Table II—Symbols Employed in Design 
Analysis and Example 





1 = area, sq in. 
B outside coil diameter, in. 
( coil wire resistance per L000 ft at 75 ¢ 
D core diameter, in. 
d = coil wire diameter including insulation, i 
E = voltage, d-c 
F magnetomotive force (MMF) in gilberts 
H = magnetic intensity, oersteds 
] = current, amp 

length of active air-gap, in. 

length of magnet coil, in. 

length of wire, in. 

= number of turns, winding 

magnetic pull, lb or gm 

magnetic reluctance 

total coil resistance, ohms, at 75 C 

winding space factor 

power dissipated in coil, watts 

radial depth of coil winding, in. 

flux density, gauss 


flux, maxwells 


heat transfer characteristics of the device. Dark. rough 
and dull surfaces have high radiation coefficients, and 
bright smooth surfaces are to be avoided from the stand- 
point of heat transfer. Using an ambient of 25 C and 
a final coil temperature of 75 C, the temperature rise 
to be permitted in the design equals 50 C. A radiation 
factor of 0.01 watt/sq in./deg C may be used for average 
surfaces. The active radiating surface of the electro- 
magnet, Fig. 1, is about 24 sq in. 

W = (0.01) (24) (50) = 12 watts 
With E = 110 volts, J] = W/E 12/110 = 0.109 amp 

R; W/l? = 1010 ohms 
Average turn length (B—X)-x 5.7 in. 

. | oe 3 (2.35) (0.375) 

Potal coil turns \ 7 7 : 
From Eq (6), 


(length of average turn) CV) (C-.) 
12.000 


R 


(5.7) Cy 0.88 


12.000 d 1010 ohms 


2.424 X 105 
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By reference to a wire table and by trial, it is found 
that for No. 32 AWG, d 0.0080 in. bare and 0.0091 
in. over enamel, C;; 199.5, and that the resulting 
C_;/d* 2.4] 10°, which is sufficiently close. 

0.88 


hen N = —— 
en a 


10.600 turns 


(5.7) (10,600) 


12 


Total wire length 5040 ft 


From Eq (16), maximum pull at 0.125 in. air gap. 
volts applied, 75C 


(2.01) (12) 
(102) (199.5) (0.0091) 


Checking. 


L4A (NI ee 
P, 32 107 (=) 14.8 lb 


Magnetic Circuit. 
now possible to analyze the magnetic circuit and then 


P 


> 


with Eq (3), 


Having designed the coil. it is 


determine the actual magnetic force more exactly. 

In the present design, Fig. 1. friction is not a problem 
as sufficient clearance has been allowed for freedom of 
operation. The air-gap section A, has been made large 
for low reluctance and for low flux density. The d- 
magnetization properties of the iron employed in the mag- 
net are shown in Fig. 2. On the curve. flux density is given 
in gauss and magnetomotive force is in gilberts per em. 
Consequently, metric units are employed in calculations. 

\IMF F 1.257 (NI) = (1.257) (0.109) (10.600) 

1450 gilberts 
\ir-gap and core sections are approximately equal: 
3 sq cm. 

Reluctances in air-gaps and joint, using factor 0.394 to 
convert from English to metric units: 

R 0.394 L,/A, 0.04 

R; = 0.394 L3/A; = 0.0031 

R 0.391 2 { 0.0003 

R, R,+R+R 0.0431 
The total flux ¢ is less than F/R, 
For a short section of magnetization curve. a straight Jine 


33.400 maxwells. 


can be assumed, Also, for simplicity in calculation it can 
be assumed that the areas of iron sections are the same. 
Then (OD)? = D,* +- (ID)2 

Iron circuit length 17 em 


lron circuit area 1! 


Since the total flux @ is less than 33.400 maxwells. flux 
f will be less than 4100 gauss. 


density 4/A Assuming a 
3750 gauss. then H from the magnetiza- 


flux density 8 
tion curve 5. Total flux 4 will be 30.000 maxwells. 


F (17) (5) -- (30.000) R. - 1387 gilberts 


This is low. By proportioning on the assumed straight 
line relation between @ and F, the correct value of 
6 to give F 1450 gilberts is found to be 31.400 
maxwells. 
Actual air-gap pull = P "as 1 5000 gm 
P ll lb 
as compared with the approximate value of 


originally estimated. 






































Introducing 
Ferromagnetism Theory 


WILLIAM ARROTI 


[ssor iale Editor 


THE INITIAL SPECIFICATIONS presented to the au- 
thors of the accompanying article on “Fundamentals 
of Ferromagnetism” stated that it be . . 

a completely new approach to the study of 
magnetism that not only summarizes the prop- 
erties of presently known (and yet to come) 
permanent magnet materials, soft magnetic al- 
loys and ferrites. but also looks ‘inside’ at the 
underlying electron interactions that do the 
actual work.” 

We hope the reader will agree that the authors 
1ave more than fulfilled this assignment. We'll go 
even further and predict that the authors’ approach 
will become the prototype for new methods of teach- 
ing magnetism, as a branch of physics, at under- 
graduate and graduate levels. 

The classical presentation starts with a bar mag- 
net, defines a “unit pole.” plunges into magnetiza- 
tion curves, makes a series of excursions to explain 
various aspects of experimentally determined be- 
havior, and eventually acknowledges the electron 
as the source of all magnetic behavior. 

The authors have discarded the “pole” concept 
(because unipolar magnetic charges don’t occu 
in nature anyway). Starting instead with the elec- 
tron and the interactions of electrons, they trace the 
physical evolution of the internal structure of mag- 


netic materials and then introduce the effects of ex- 
ternally applied fields. Finally they show why certain 
classes of magnetic materials have been highly de- 
veloped and what properties will be sought after 
and further enhanced in the future, 

The authors’ approach is purely physical to give 
design engineers the full benefit of modern solid- 
state theory (as opposed to the classical, historical 
approach that retraces the evolution of modern 
theory). Heart of this approach is the concept of 
the magnetic moment of the electron or an atom 
envisioned graphically as a spherical bundle of eit 
culating charges (not to be confused with the idea 
of electrons orbiting around a nucleus) with a 
pointed arrow indicating the magnetic moment 
vector in three-dimensional space. Why some ma- 
erials are “magnetic.” others not, is explained with 
this image. The familiar properties of coercivity, 
remanence, hysteresis loop shape, etc. are shown 
to result from competitions between the effects of 
applied fields, crystal structure. temperature and 
physical strain. The effects of impurities and shape 
are also examined. Time effects are introduced. by 
means of basic energy equations, as they relate to 
the ease or difficulty with which the moments re- 
spond to alternating fields of low and high fre- 
quency. 

We hope this straightforward approach will give 
the reader a greater understanding of fundamental 
ferromagnetic behavior, and that this insight will 
point the way to new magnetic devices and improve- 
ments of existing designs. 

More than likely, the reader may find the initial 
concepts and the language somewhat alien to his 
traditional views of magnetism. hence requiring 
careful reading. But the reward of open-minded 
study will be a far greater awareness of the true 
nature of magnetism, insofar as science can explain 
the phenomenon. 

The authors first became associated with each 
other at Carnegie Institute of Technology in Pitts- 
burgh where Dr. Arrott was Allis-Chalmers 
research fellow in magnetism and assistant pro- 
fessor of physics. \t Carnegie Tech, Dr. Gold- 
man was director of the Laboratory for Magnetic 
Research, following a period as research physicist 
at Westinghouse Research Laboratories. He has 
served as chairman of both the National Academy 
of Sciences panel on magnetic materials and the 
AIEE subcommittee on magnetics, and edited the 
book Science of Engineering Materials. 
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SCIENCE & ENGINEERING 


FUNDAMENTALS OF 
TRROMAGNETISM 


ANTHONY ARROTT, Research Physicist 
J. E. GOLDMAN, Manager, Physics Department 


Scientific Laboratory 


Forp Motor ComMPANy 


Dearborn, Michigan 


: MYSTERIES OF MAGNETISM have been with us 
since ancient times. Today, however, we are much 
more sophisticated in our ignorance. For instance, we 
know that the carriers of magnetism are fundamental 
particles: electrons, protons, etc. We know that these 
particles possess an intrinsic angular momentum called 
spin and that associated with this spin is a magnetic 
moment. But if we ask “why,” a theoretical physicist 
will give us some mumbo-jumbo about the four-com- 
ponent solution of a relativistic quantum mechanical 
wave equation. This hardly removes the mystery from 
magnetism. The magnetic moment of a fundamental 
particle is related to its spin through a factor called the 
gyromagnetic ratio. This ratio depends (among other 
things not completely understood) on the inverse of 
the mass of the particle. Hence we need be concerned 


only with the magnetic moment of the electron as its 
mass is two thousand times lighter than the lightest 
nucleus. 

The physical basis of ferromagnetism lies in the 
magnetic moments resulting from electron spins and 
the spin interactions which lead to alignment of mag- 
netic moments with one another. In developing the 
theory of ferromagnetic behavior we will also consider 
interactions of the moments with each other, with an 
external magnetic field, and with internal electric fields 
in crystalline solids. We will consider first how spin 
interactions render certain materials ferromagnetic, 
next the secondary interactions which determine the 
technical behavior of ferromagnetic materials and, fina!- 
ly, to what extent these ideas explain existing ferro- 
magnetic materials. 


(Copyright 1959 by The Gage Publishing Company) 
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I. Origins of Ferromagnetism 


Starting with the electron as the carrier of magnetic 
moment, we will follow the moments through the com- 
bination of electrons into atoms and atoms into solids to 
determine the conditions for ferromagnetism and to what 
extent they are fulfilled in nature. This discussion should 
reveal the shortcomings of our present knowledge. 


Magnetic Moments 


An electron has a magnetic moment, a concept that can 
only be defined in terms of what a magnetic moment does. 
It creates «a magnetic field whose intensity and direction 
are represented by a mathematical relation. [See Eq (23) 
below.] The intensity of the field is proportional to the 
magnetic moment. This field can be visualized in terms 
of the magnetic fields created by electrical charges in 
motion, for instance by currents in a wire. Consider the 
field arising from a circular loop of wire, Fig. 1A. We 
then use a limiting process to arrive at the field of a 
magnetic moment. Imagine that as loop area A is shrunk 
the current i in the wire is increased so that iA remains 
constant. In the limit of infinite current and no area, 
Fig. 1B, the magnetic field becomes that of a magnetic 
moment mm iA/c where c is the velocity of light. Math- 
ematically m is represented by an axial vector which points 
in the direction of advance of a right hand screw in the 
current direction. 

The electrons could be considered as charges running 
around in circular loops; that is, as microscopic currents. 
This natural explanation of the magnetic moment, how- 
ever, leads to a wrong result. The electron has both an 
angular momentum, called spin, and a magnetic moment. 
If the magnetic moment is due to the angular momentum 
of a rotating charge, these should be related by a factor 
of (e/m)/2c, where (e/m) is the charge-to-mass ratio 
of the electron. However, the spin is h/2, where h is a 
fundamental constant of quantum theory, yet the mag- 
netic moment is (e/m)h/2c or twice as much as to be 
expected for a rotating charge distribution. This discrep- 
ancy is removed in relativistic quantum mechanics but the 
concept of rotating charges is obscured and we cannot 
give a clear picture of spin.* Therefore we accept spin 
and the magnetic moment it gives rise to: namely, pz - 
(e/m)h/2c, which is called the Bohr magneton. 

The magnetic moment is referred to as a magnetic 
dipole by analogy to the electric dipoles formed by con- 
figurations of plus and minus electric charges. The electric 
field of an electric dipole is mathematically describable 
in the same way as the magnetic field of a magnetic 
moment. Physically the two are different since unipolar 
magnetic charges do not exist. 


Atoms 


If all electrons carry magnetic moments, why do not 
all atoms possess permanent dipoles? The answer is that 
more do than do not. Those without a net moment have 
an even number of electrons paired off so that their 
moments cancel. But not all atoms with even numbers 
of electrons are magnetically neutral. The electrons are 
said to lie in shells; each shell can hold a certain even 
number of electrons. But only in shells which are com- 
pletely filled are the intrinsic moments of the electrons 
paired off. In a partially filled shell the intrinsic moments 
are not balanced but instead align to produce a magnetic 
moment as high as possible; however no more than half 


*With this reservation we illustrate the 
netic moment, as a sphere with a charge 
the magnetic moment vector, m 


electron, or an atom with a mag 
circulation and an arrow to indicate 
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of the total number of electrons which the shell can 
hold will be aligned. A half-filled shell produces the maxi- 
mum moment (e.g., 7 », for a 14-electron capacity shell). 

The magnetic moment of an atom can be found from 
its structure: the number of shells, the electron capacity 
of each shell (this is the same for corresponding shells 
of all atoms) and the actual number of electrons in each 
shell. The shells are labeled 1s, 2s, 2p, 3s, 3p, 3d, 4s, 4p, 
4d, 4f, 5s, etc., with one more letter+ employed for each 
successive number. For a particular atom the number of 
electrons in each shell is noted as an exponent of the shell 
symbol, as in Table I. 

In free atoms there is an additional contribution to the 
magnetic moment. In certain shells the electrons have 
angular momentum about the center of the atom, analog- 
ous to a charge circulation. It results in a magnetic 
moment just as a current loop. The directions of the 
resulting magnetic moments are different for different 
electrons in the same shell. The total orbital angular 
momentum contribution to the magnetic moment of a 
closed shell is zero, just as is the spin contribution. In 
the shells designated s, p, d, f, etc., there are orbital 
angular momentum contributions of 0, 1, 2, 3, etc. up, 
respectively. The spin and the orbital angular momentum 
add vectorially, but as the ratio of magnetic moment to 
angular momentum is different for spin and orbital angu- 
lar momentum, the resulting moment is not obtained so 
simply. 

When atoms join together to form solids (metals, alloys, 
oxides, etc.) the orbital angular momenta are usually 
paired off and need not be considered in determining the 
net magnetizations. Whether or not this is so depends 
somewhat on crystal symmetry. Where the orbital angular 
momentum does not contribute, it is said to be “quenched.” 
This typifies most important magnetic materials. In figur- 
ing the magnetic moment in solids one can usually neglect 
orbital and consider only spin contributions. 


Solids 

Considering only the spin angular momentum, we can 
calculate a possible magnetic moment for any element 
in the solid form from its moment as an atom. Table II 
charts the spin configurations in all the elements, showing 
the maximum number of electrons in each shell, the 
elements which have their outermost electrons in each of 
these shells, and the maximum moment of the elements 
in a given shell. Elements to the left of the central stem 
have all their spins outside a closed shell aligned in the 
same direction. The number of spins aligned is found 
for those elements on the left from the number of its 
position from the left. Thus N, nitrogen, has a net excess 
alignment of three spins, giving a moment of 3 Bohr 
magnetons (3 y,). Elements to the right of the central 
stem have some or all of the spins in the designated shell 
compensated. The number of uncompensated spins for a 
given element is the number of elements to its right. Thus 
Tb, terbium, has five uncompensated spins and a net 
moment of 5 y,. Exceptions occur when two shells are 
incomplete in the same element, such as in Cr, chromium, 
where there is only one 4s electron and five 3d electrons. 

The maximum moments will be manifested in the solid 
if the spins of each atom align parallel with the spins 
of all the other atoms. Such alignment is the ultimate in 
ferromagnetism. Using the atomic weights of the ele- 
ments we can compute the maximum magnetic moments 


tThe letters have their origin in spectroscopy, which unlocked the secrets of 
the atoms: s stands for sharp lines, d for diffuse, p for principal, f for fine. 
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Fig. 2—Parallel and antiparallel magnetic moment arrange- 

B ment. (Throughout the article the electron or atom with a 

magnetic moment is graphically symbolized as a sphere with 

Fig. 1—Magnetic field (A) of current loop (B) of magnetic a charge circulation and an arrow to indicate the magnetic 
(dipole) moment. moment vector, m.) 


Table | — Electron and Spin Configurations of Typical Atoms 





Element ’ Oo \ y, K \ y, Co 

Electron configuration* 1s’) 2s? 2p! (1s?) (2s? 2p®) (3s? 3p*) 4s! (1s?) (2s? 2p) (3s? 3p*) 4s? 3d’ 
Spin configuration (tT) th TI) (MW) (NN MIWY (NN MtWh ft (N) (TY MID (ND MTD TE Tttt 
Element r Eu \ 
Electron configuration* (1s?) (2s? 2p) (3s? 3p) (4s? 3d" 4p‘) (5s? 4d' 5p) 6s? 4f7 
Spin configuration (N) (NTA (NN TD (ND PPT PTD PD TPP MTD TD PTT 


* Parentheses indicate q@mpleted groupings corresponding to inert gas atoms; e.g., He, Ne, A. 
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Table ll! — Caart of Spin Configurations of Atoms and Maximum Moments of Solids 








Designation| Number of Net number of aligned electrons in free atom Mp | oo@ | p | M 
of shell states —2n | n-6 -5] n-4] n-3}] n-2}] n-1] n J n-1] n-2] n-3] n-4] n-5 | n-6] n-7] max .| (defined below) 


1s H | He 1 5585 -07| 390 
2s Li} Be 1 800 5S 400 
2p N]}] O 3 1200 8 450 
3s Mg 1 240 240 
3 
1 
5 





nN 














3p S 540 1000 
4s 140 140 
3d 500 3700 
3 220 1300 
65 “4 100 
2600 
Xe 1000 


80 
Pr | Nd 5 Tb| Dy 5 1960 
Lu | Hf | Ta Re] Os | Ir | Pt* ; ’ 3000 
Tl Bi} Po | At | Rn 800 


For the real material with highest magnetic moment per unit volume, Fe-Co me 1900 
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¢ is the moment per mass (cgs-emu) M is the moment per unit volume (cgs-emu) Pp is density (egs) 
(1) First transition series (2) Second transition series (R) Rare earths (3) Third transition series 
* One of the above s electrons in d shell t Both of the above s electrons in d shell { One of the 4f electrons in 5d shell 


Table Ill — First Transition Series Elements 


Element Vv Cr Mn Fe 


Number of electrons 
outside argon core 











Fig. 3—Crystal structure of (A) Number of d-elect- 
body-centered-cubic Fe; (B) of rons in free atom 
face-centered-cubic Ni; (C) of 
close-packed-hexagonal Co. 





Crystal structure 
of solid bee 





Magnetic moment 
Mp per atom ~0.4 | (0 & 2) ; a7 
Interaction between anti- anti- 
neighboring atoms parallel} parallel | parallel ? parallel parallel 
Questionable est- 

imate of number of 
d-like electrons in 

solid per atom 0.2 0.5 8 9.5 











Possible spin con- mixture] mixture mixture mixture 


Cc figurations of 0 0 TTT |The 
Fig. 4—Spin alignment (A) in He d-like electrons and end tt | ttt one ane 


molecule, (B) in Oz molecule, (C) ___ t or Tt tt TTT ITTI A 


in super exchange. * Phase whicn is stable at room temperature is very complicated 
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per gram expected trom each shell. The magnetic moment 
per gram, o (sigma), is given in Table II in cgs electro- 
magnetic units. From the densities in the solid state we 
can estimate the maximum magnetic moment per unit 
volume. The latter moment is the quantity of technological 
interest called the intensity of magnetization and is given 
the symbol M,, (sometimes also /, or J,). 

As an example, consider “ferromagnetic metallic” hy- 
drogen, a hypothetical but illustratively useful material. 
The moment would be | yp, per atom. The number of 
atoms per gram is Avogadro’s number N 6.03 « 10 
which when multiplied by the value of the Bohr magneton 
(pu 0.927 10 =" erg/ gauss) gives 5585 for the mag- 
netic moment per gram of hydrogen. 

The highest intensities of magnetization, M,, are ob- 
tained in the transition series, particularly the first. The 
highest moments per atom are found in the rare earth 
elements, but their larger atomic volumes (~ atomic 
weight/density) yield lower M,, values. Ideal ferromag- 
netic materials should be looked for in the first transition 
series, the ultimate being five 3d electrons per atom. 

In preparing Table II it was assumed that in forming 
a solid: 

e The elements retain their atomic configurations. 

e The net moments of all atoms tend to align. 

The first assumption is not valid if all the outer electrons 
(those outside closed shells) are in s or p type shells. 
These electrons are shared by all the atoms in the solid 
as a whole, forming some sort of an electron gas. This 
gas is the glue which binds the solid together and at the 
same time determines the electrical properties. These are 
called conduction electrons. The first assumption has some 
chance of being correct for d electrons and is probably 
true for f electrons. The second assumption involves in- 
teractions between electrons on different atoms in a solid. 
It seems that only when electrons are “localized” on the 
atoms in a way resembling the free atom configuration 
does there appear any real chance of the electrons align- 
ing themselves throughout the solid. Thus, only elements 
with uncompensated d and f electrons have any chance 
of forming aligned systems. Of some 40 elements with 
unpaired f or, d electrons, only a few have their moments 
aligned parallel. A larger number have their moments 
aligned in antiparallel arrays (see Fig. 2). But the majority 
exhibit no localized moment, hence no alignment. Lack of 
localization typifies the second and third transition series 
in contrast to the first. 

The criteria for ferromagnetism (that is, materials with 
parallel alignment of moments) appear to be: 

e An incomplete d or f shell, preferably well localized. 

e Some reason why parallel alignment is a lower energy 
state (more stable) than an antiparallel alignment. 

The three elements with d-state electrons which form 
ferromagnetic metals are iron, cobalt and nickel. The 
rare earth gadolinium, with f-state electrons, is also ferro- 


Aton seporatior 


Radius f 3rd rbit 


Fig. 5 
spacing 


Interaction energy between spins, depending on atomic 
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magnetic. In fact, Gd is the only metal which exhibits 
the moment expected from a knowledge of the free atom 
as applied in Table II. The electrons in the 4f shell of Gd 
seem little affected by the process of forming a solid. But 
the 3d-shell electrons of the first transition series elements 
do appear to be affected: apparently 3d electrons as well 
as 4s electrons share in the binding. The electronic struc- 
ture of ine transition elements is still very much a matter 
of corjecture; as yet no consistent theory explains even 
their most elementary properties. 

\In the building of theories of the first transition series, 
the results from studies of magnetism have been relied upon 
heavily, more so perhaps than any other single physical 
prcperty. Most theories, whether correct or not, “explain” 
the magnetic properties.] 

1. the present state of ignorance it appears useful to 
accept a picture which fits most of the facts yet is simple 
enough to visualize easily. The salient facts used in build- 
ing the model are: 


e The atomic states of the transition elements appear 
to depend on the crystal structures of the metal. For 
instance, body-centered-cubic (bec) iron appears to have 
an electronic structure quite different from face-centered- 
cubic (fcc) iron. (See Fig. 3 for the crystal structures 
of Fe, Co and Ni.) 

e From x-ray and neutron diffraction studies and 
Magnetization measurements the number of electrons in 
d-like states are assumed to be as shown in Table III. 

Electrons outside the closed atomic core, which cor- 
responds to the argon-atom structure, may be localized 
d-like states, smeared out s-p or “conduction” states o1 
some combination of both. The division depends on 
crystal structure; a higher number of d-like electrons is 
favored by close-packed lattices (face-centered-cubic, o1 
close-packed-hexagonal) and a lower number favored 
by “looser” lattices (body-centered-cubic, alpha-manganese, 
beta-manganese). The number of electrons per atom in 
d-like states are not necessarily integers. Instead, each ele- 
ment may have several configurations with rapid variations 
between two or more integer combinations. For instance, 
nickel could be a mixture of 3d" 4s' with a moment of 
| w,, and 3d'" with no moment 


Spin-Spin Interactions 

Ferromagnetism is due to a spontaneous alignment of 
the elementary atomic moments by a very intense local 
force too large to be only a magnetic dipole-dipole force. 
Instead the force of alignment must be electrical rather 
than magnetic since the electron charge distributions inter- 
act strongly through their direct contact. In the quantum 
mechanical theory of the binding of a hydrogen molecule, 
so-called “exchange” forces are encountered which, while 
electrostatic in origin, are responsible for maintaining strict 
antiparallel alignment of the spins of the electrons on each 
of the two hydrogen atoms (Fig. 4A). In the oxygen 
molecule, on the other hand, the same forces cause a 
parallel alignment of the spins on each atom, giving the 
molecule a permanent magnetic moment (Fig. 4B). 

For electrons in the first transition series, not only is 
the magnitude of this spin-spin* or “exchange” interaction 
difficult to predict but even the sign of the interaction re- 
mains uncertain. Thus one can not expect a metal to be 
ferromagnetic (parallel alignment of spins) or antiferro- 
magnetic (antiparallel alignment) except by deduction 
from experimental studies of similar systems. One correla- 
tion does appear valid in metallic systems: the strength 
and sign of the spin-spin interaction varies with the 


*The correct physical name is exchange, but to be graphic we use the term 
spin-spin throughout the remainder of this article. 
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atomic spacing—the degree of interaction of the d-like 
electrons on adjacent atoms. A typical correlation of 
spin-spin interaction constant J with distance is the Bethe- 
Slater curve in Fig. 5. 

Whether it results in ferromagnetic or antiferromagnetic 
alignment, the spin-spin interaction can be destroyed by 
raising the temperature high enough that thermal agitation 
ot the atoms will destroy the coherence of the magnetic 
order Over more than a few atom distances. This critical 
temperature (called the Curie temperature for ferro- 
magnetic materials, the Néel temperature for antiferro- 
magnetic materials) depends on the strength of the spin- 
spin interaction. The magnetization of a ferromagnetic 
metal decreases as the temperature is increased. At low 
temperatures the decrease is gradual, but near the Curie 
temperature, 7, the drop is rapid. Above 7, there may be 
alignment on a very local scale between magnetic moments 
on separate atoms, but the correlation between distant 
magnetic moments is destroyed and the material is 
classed as paramagnetic 

For a ferromagnetic material to be particularly useful, 
I. should be well above room temperature. Elements Fe, 
Co and Ni meet this requirement with Curie temperatures 
of 770 C, 1100 C and 350 C respectively. The Curie point 
of gadolinium, only 15 C, would make it impractical 
even if it were in large supply. Other rare earth elements 
exhibit some sort of ferromagnetic interactions, but only 
well below room temperature. 


[The strength of the spin-spin interaction can be compared 
to a magnetic field produced by currents in conductors. This 
comparison gives some feeling for the technological im 
portance of the spin-spin interaction. The application of an 
external magnetic field to a ferromagnetic material should 
have almost no effect on the intensity of magnetization at low 
temperatures. As the Curie temperature is reached, however, 
the effect is considerable. The applied external field helps 
overcome the thermal disturbances and My increases. If a 
sufficiently high field were applied, M, would approach its 
low temperature value. But for iron this would take a field of 
over 107 gauss, higher than any yet achieved even with 106- 
amp pulses. In contrast, the alignment of all the magnetic 
moments in iron would produce a field of only some 2 « 10! 
gauss. The spin-spin or exchange interaction is said to act as a 
magnetic field 10° times larger than the dipole field of the 
moments themselves 

This effective field (often called the Weiss Molecular Field 
or simply the molecular field) is fictitious. But considering it 
proportional to the intensity of magnetization permits very 
simple mathematical models. Properly, the effective field is 
introduced into the thermodynamics of a ferromagnetic mate- 
rial as an energy term proportional to M,*. As the derivative 
of energy density with respect to magnetization has the di- 
mensions of a field, the derivative of this quadratic term is 
called an effective field. It is, of course, then linear with Moy 
and the coefficient of this term is called the molecular field 
constant. | 


The Search for 5 /;; 


The possibility that a first transition series element could 
be made to exhibit a moment of 5 py, per atom, and at 
the same time have a high-strength parallel alignment, 
has stimulated extensive investigation of these elements 
not only as pure metals but also in alloys and intermetallic 
compounds. But no substantial improvement over pure 
iron has followed, as far as magnetic moment per unit 
volume is concerned. Only iron-cobalt alloys have a greater 
intensity of magnetization than iron itself: the 50-50 
FeCo alloy has a moment of almost 2.5 :, per atom, some 
iS per cent higher than pure iron. 

In transition-metal oxides a magnetic moment of 5 pp 
per metal atom has been realized. When trivalent Fe 
atoms (Fe’*’) combine with oxygen there are five d-like 
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electrons bound with each Fe atom and all five have their 
Magnetic moments aligned. The atomic volume per mag- 
netic atom increases because the oxygen atoms contribute 
to the volume but not to the moment. As the decrease in 
Magnetic atoms per unit volume is often less than 25 
per cent this would be more than compensated by the 
increase in magnetic moment if the moments of each Fe 
atom were aligned parallel. Alignment occurs but it is 
predominantly antiparallel alignment. When metallic atoms 
(more properly in this case metallic ions) border on 
oxygen atoms, the spins on the metallic ions act not only 
on each other but also with the spins of intervening 
oxygen atoms in what is termed a super-exchange inter- 
action. Figure 4C shows the super-exchange interaction 
of two metal ions, each with a net number of electrons ot 
one spin direction, joined by an oxygen atom with equal 
numbers of electrons of each spin direction. The spin of 
One metal ion attracts the oxygen-atom electrons of op- 
posite spin, pushing the electrons of like spin toward the 
second metal ion. The second metal ion prefers to align 
antiparallel to the spin of the oxygen atom electrons which 
are closest to it, thus it also aligns antiparallel to the first 
metal ion. 

The basic interaction in oxides is antiferromagnetic. 
Consequently these materials would be of little practical 
interest value were it not possible to form oxides where: 

¢ metallic ions pointing in one direction have a differ- 
ent moment than the antiparallel metallic ions, and/or 

® more metallic ions point in one direction than the 
other. 

Such materials are termed ferrimagnetic. They have a 
moment, but it results from unbalanced antiparallel align- 
ment of moments on separate atoms rather than parallel 
interaction of moments. 

The first condition for ferrimagnetism can be fulfilled 
by having different elements in different positions of the 
oxide crystal lattice. A hypothetical example, Fe’’- 
V"'O., is shown in Fig. 6. There is no such oxide, 
but it typifies the spin arrangements of more complicated 
structures. This simple cubic structure has a net moment 
of only '2 yw, per transition metal atom. 

Both ferrimagnetism conditions are fulfilled in the most 
useful structures yet developed, namely the ferrites and 
garnets. The ferrites are oxides of the chemical formula 
XY.O, where X and Y are divalent and trivalent metallic 
ions respectively. 
by the spinel-type mineral Mg’’Al.'O,. (The term spinel 
has nothing do with electron spin; in fact, MgAl.O 
has no d electrons). Spinels have two different types of 
locations for metallic ions among the oxygen atoms, called 

and B sites. 


The ferrite crystal structure is typified 


There are twice as many metallic ions in 


Fig. 6 Lattice struc 
ture of fictitious com 
pound Fe’ VO» ar 
ranged — ferrimagneti 
cally 





B sites as ia A sites. Both sites can be occupied by either 
trivalent or divalent ions. If the trivalent ions are all on 
B sites and the divalent ions all on A sites, the spinel is 
termed normal. If A sites have only trivalent ions and 
the B sites have equal numbers of trivalent and divalent 
ions, the spinel is termed inverted. Mixtures between 
normal and inverted are the general rule, but with an 
evident tendency toward one or the other. The normal 
spinel is indicated by [X] [Y.]O, where the brackets in- 
dicate A and B sites in the order given. An inverted spinel 
is of the form [Y] [XY] O,, and a general spinel is of the 
form [X,Y,-,] [X,-,Y,.,.JO, where a is the fraction of 
divalent ions on A sites. Elements X and Y need not be 
different. For instance, the inverted spinel magnetite (the 
original lodestone) is of the form [Fe’"’] [Fe’*Fe’**JO,. 

In the spinel structure A-site ions have their moments 
opposite those on B sites. Magnetite has 5 pp, per atom 
on the A sites opposing a mixture of 4 yp, and 5 yw», per 
atom on the B sites. As there are twice as many B sites, 
the result is 4 #,—-or an average of 4/3 “, per iron atom. 
With the oxygen adding 25 per cent volume per iron 
atom, the magnetic moment per unit volume (of pure 
metallic iron) in only 1 yy. The moment of pure iron 
in this same volume is 2.2 yw». A number of oxide struc- 
tures other than spinel have been investigated, but as 
yet none competes with Fe and FeCo alloys in intensity 
of magnetizations. These materials, however, have useful 


Ii. Internal Structure of 


The spin-spin interaction responsible for ferromagnetism 
aligns neighboring magnetic moments, which in turn align 
their neighbors, and so on until the moments point in the 
same direction. However, complete alignment of all the 
moments in the same direction is an exception rather 
than the rule. The direction of magnetization may be 
constant over a considerable volume of material only 
to change direction abruptly in an adjacent region. Regions 
of constant magnetization are called magnetic domains. 
Regions of abrupt change in magnetization direction are 
known as domain walls. There are also important cases 
where domains do not form and the magnetization 
changes direction more or less continuously. 

The fact that the moments usually do not all lie in 
the same direction plays a major role in ferromagnetic 
technology. We will first introduce those factors whose 


Fig. 7—Domain pattern revealed by special technique (Bell 
Telephone Laboratories). 
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properties to be discussed later. 

A third possible source of 5 #, in a small atomic 
volume is intermetallic compounds. From the variety of 
crystal structures employed by nature in minimizing the 
energy of intermetallic compounds, it might be hoped 
that some would fit the two criteria for the ideal ferro- 
magnetic material, namely, possessing a moment of 5 py, 
per atom and a strong parallel spin-spin interaction. 
Moments greater than 2 yw, per atom have appeared in 
compounds but with a tendency toward antiparallel align- 
ment. 

The search goes on, and even though a magnetic 
material of higher intensity of magnetization may not be 
produced, studies of all these alloys, compounds, and 
oxides continue to contribute substantially to the under- 
standing of electronic structure of solids in general and 
of magnetism in particular. 

The rest of this article will be concerned with the be- 
havior of given ferromagnetic or ferrimagnetic materials. 
We will take the magnetic moment of each atom and the 
spin-spin interaction between neighboring atoms as ma- 
terial constants supplied by nature. In particular we will 
consider each moment as a little dipole located on an 
atom. We will not worry whether that moment has an 
integral value of Bohr magnetons or not. For the discus- 
sion of ferromagnetic behavior this model is already 
complicated enough. 


Ferromagnetic Materials 


competition leads to nonuniform magnetization by con- 
sidering special cases where the magnetization is uniform 
and these factors influence only the direction of mag- 
netization. Next we discuss the competition between these 
factors in cases where domains do not result and, finally, 
where domains are created. Magnetic domains are real 
things, not just artifices to explain ferromagnetic behavior. 
They can be readily observed by special techniques. An 
actual domain pattern is shown in Fig. 7. It is a triumph 
of deductive reasoning that domains were postulated some 
forty years before they were actually observed; many con- 
figurations were predicted before they were observed 
experimentally. 


Uniform Magnetization 


From spin-spin interaction alone there is no reason 
for domain formation. The spin-spin interaction does not 
depend at all on the direction of spin alignment. There 
are other effects which do influence the direction of 
magnetization by exerting torques on the magnetic mo- 
ments. These torques in order of simplicity, not impor- 
tance, are: 

© torque exerted by an externally applied magnetic field 

e torque exerted by strain in the ferromagnetic material 

® torque exerted by the magnetic dipoles on each other 

@ torque exerted by preference of magnetic moments 
to lie along particular crystallographic directions. 

Only the last is an intrinsic property of the material 
composition. The other three depend on conditions of 
preparation, environment and geometry and are therefore 
more readily controlled and can be virtually eliminated 
under particular conditions. In discussing the first three 
effects we will assume we are dealing with one of the few 
materials where crystallographic effect is absent. Dipole 
moments always interact, but the effect can be made 
negligible in any material by forming it into small 
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Fig. 8—Torque +t exerted 
on magnetic moment m by 
applied field, Bx. 


Fig. 9—Plotted against By, 
is M, the component of the 
magnetization Mo in the 
field direction. 





Fig. 10—Magnetization in 
sphere under tension, T. 


Magnetization in 


—\ 

i > Fig. II 
strained sphere in applied 
magnetic field. 


spherical particles. Each of the behaviors to be discussed 
is actually realized in practice, despite the simplification 
of considering them one at a time. 

Externally Applied Fields. A magnetic dipole in a 
magnetic field will experience a torque 7 which depends 
on m, the dipole moment, on B,, the magnetic field (the 
term magnetic field usually is used for a quantity H to be 
defined later, but B is a field and the fundamental one) 
and on 4, the angle between field and dipole moment 
directions* (Fig. 8): 


mxB 
(1) 


m B, sin @ 


align the dipole with the field and 
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is zero for alignment in the field direction or when directly 
opposed to the field. Only the alignment in the field 
direction is stable; for small rotations of the moment 
from the position of zero torque the moment is returned 
to its initial position. If the moment opposes the field, 
any slight disturbance will cause it to turn into the field 
direction. Aligning with the field imparts a_ kinetic 
energy to the dipole that must be dissipated as heat. 
For the present we will assume that a dissipative me- 
chanism is present, operating so rapidly that the dipole 
simply turns into the field direction. 

In a small spherical particle the moments of the in- 
dividual dipoles are all locked together by the spin-spin 
interaction to act as one big dipole with a total torque 

T Meotat Ba sin @ (2) 
If no other torque acts on the moments, they will align 
with the applied-field direction no matter how small the 
field. If another torque were acting, the field would have 
to be sufficient to overcome it. 

The behavior of ferromagnetic materials is characterized 
by the value of M, the component of the magnetization in 
the direction of the applied field, defined as 

V Vy cos @ (3) 
for the following sequence of field changes: the field 
is applied in one direction, reduced to zero, applied in 
the reverse direction, again reduced to zero, reapplied in 
the original direction, and so on. In the case considered 
here (where the moments point with the field no matter 
how small) the behavior is characterized by Fig. 9 

Anisotropy. Anisotropy is a term that will be in constant 
use in this text. In general the term refers to any material 
having different properties in different directions. Magnetic 
anisotropy is the preference of magnetic moments for a 
direction or set of directions. Strain creates a uniaxial 
anisotropy by singling out a particular axis. An applied 
field creates a unidirectional anisotropy, a single direction 
preferred by the electron moments. Other forms of 
anisotropy are shape and magnetocrystalline, the 
latter being the preference of magnetic moments to align 
along certain crystallographic axes. The last is an in- 
trinsic effect associated with a particular material. 

Uniaxial Anisotropy. Strain in a ferromagnetic particle 
singles out an axis along which the moments prefer to 
point or not to point. In one case, the moments will ex- 
perience a torque which tends to point them 
one of the two opposite axis directions. In the other case, 
the torque tends to twist them to lie anywhere in planes 
perpendicular to the axis. The total torque acting on the 
Magnetic moments in a strained small spherical particle 


can be expressed as 


along 


A TV sin 20 (1) 
where 7 is the stress (positive for tension, negative for 
compression), V the particle volume, # the angle between 
moment direction and strain axis (see Fig. 10) and A the 
isotropic (non-directional) magnetostriction constant of the 
material 
a particle 


The term AT is a measure of strain anisotropy in 


Magnetostriction is the distortion of a ferromagnetic crystal 
which accompanies the parallel alignment of magnetic mo 
ments. Though both iron and nickel are essentially 
crystals, precise measurements would reveal that the atomic 
spacings along the direction of magnetic alignment are slightly 
different from those perpendicular to the alignment direction 
The strain effect is a correlary of magnetostriction, If the 
moments themselves cause lattice distortion in the moment 
direction, it follows that a lattice distortion should affect the 
moment direction. The origin of magnetostriction itself we will 
defer describing till later. The isotropic magnetostriction con 
stant \ is an average of an effect which is really different in 
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different directions. Its use 1s justified tor simplicity and 
some agreement with experiments on polycrystalline materials 
with random crystal-axis distributions. In some materials \ is 
independent of direction, for instance the 60-40 nickel-iron 
alloy. The values of \ are negative for both Fe* and Ni, 

7 10 © and 34 10 ® respectively. The negative value 
means a contraction along the direction of magnetization. 
With a forced contraction of the crystal the magnetic moments 
prefer to point along the axis of contraction: with a forced 
extension of the crystal the moments favor alignment perpen 
dicular to the extension axis. For positive values of \ the 
reverse 1S true.} 


The following study of strained particle behavior in an 
applied magnetic field will be applicable also to dipole- 
dipole effects and the magnetocrystalline effect to be dis- 
cussed later. 

\ strained particle in an external magnetic field ex- 
periences torque competition from both the strain and 
the external field. The total torque is the sum of Eqs (2, 4). 

° TV sin 26 Miotai sin ¢ (5) 
where @ is the angle between the strain and the magnetic 
moment, and ¢ is the angle between the field and magnetic 
moment (Fig. 11). The equilibrium positions of the 
moments are those where total torque is both zero and 
stable. Setting + 0 gives 

ou B,M 


~ 0 


20 ” sin @ (6) 
where 11 V has been replaced by M,, the intensity of 
Magnetization of the particle. The solution depends on a. 
the angle between field and strain axis (a db #) 

If the field is large enough, the magnetization points 
in the field direction. If the field is zero, the magnetization 
lies along the strain axis if AT is positive, or perpendicular 
to it if AT is negative. In either case the magnetization in 
zero field can take more than one position, depending on 
previous history of applied field and strain 

The magnetization of the particle is constant, but its 
direction in space is rotated by the relation of field to 
strain. This results in a changing component of the mag- 
netization in the field direction. Here again we consider 
the case where the direction of the field is fixed, but 
the field is alternately increased, decreased to zero, in- 
creased in a negative sense, decreased to zero, increased 
positively again, etc. The behavior of the magnetization 
is essentially different for negative and positive A7’s. The 
two cases are referred to as negative and positive uniaxial 
anisotropy, respectively. 

For the negative case, it takes only an infinitesimal field 


magnetostriction of iron is positive 
preferred by the crystalline anisotropy 


rot ng nagnetization in a strains 
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to rotate the moment in the preferred plane perpendicular 
to the strain axis; therefore, if the field direction lies 
in the plane, the moment simply points in the direction 
of the field as if there were no strain. This behavior 
shown in Fig. 12A is the same as that of Fig. 9 except to 
a different scale (M/M,, for ordinate). If the field lies 
along the strain direction, it rotates the magnetization 
away from the preferred plane. The torque from the 
strain effect is gradually overcome by the increasing 
applied field, and the component of magnetization in the 
field direction, as defined by Eq (3), is just proportional 
to the applied field until the magnetization coincides with 
the field, Fig. 12B. The field is measured in terms ot 
reduced field 


V/ 
“Er 


The field B, which corresponds to b 1 depends on 
M, » and T. The stress can always be made arbitrarils 
small. Its upper limit is, however, a material constant 
determined in part by the elastic limit. Thus the highest 
possible values of B, for b | can be estimated. They 
are for iron, nickel and cobalt 600, 4000 and 600 gauss 
respectively. For orientations between the parallel and 
perpendicular cases, M increases as far as it can by ro- 
tation of M,, within the preferred field. This rotation takes 
place in an infinitesimal field. Thereafter, the process 1s 
one of rotation out of the preferred plane against the 
strain torque (Figs. 12C, D). 

It takes an infinitely large fielC to completely align the 
moments with the applied field for any field direction other 
than along or perpendicular to the strain axis. As the mag- 
netic moments rotate into the field direction, the field torque 
decreases, going to zero as sin ¢. To completely overcome 
any finite opposing torque, the field must be infinite. Com 
plete alignment occurs only for fields along the strain direction 
because the strain torque also goes to zero in this direction. 
As the magnetization rotates into the field direction the lack 
of alignment decreases inversely as the applied field squared, 
except when the torque vanishes in the field direction. This 
result is independent of the source of the torque, and finds 
application throughout ferromagnetism theory.] 

For positive AT there is no easy plane in which the 
magnetization may freely change direction. In_ the 
absence of a field the magnetic moments point either 
direction along the strain axis. To reverse the magnetic 
moment direction takes a finite field to overcome the strain 
torque. For a field perpendicular to the strain axis the 
situation is identical to the case of negative AT with the 
field along the strain axis. Component M is again just 
proportional to the field until M,, coincides with the field 
(Fig. 12B). 

For the field applied along the strain axis the magnetiza- 
tion is never stable at any angle with the field. If the 
field is opposite to the magnetization, there is no torque 
acting on the moments from either the field or the strain 











DAS. 





or Eq (13). Plots are for negative and/or positive values 
applied magnetic field and the strain axis (see Fig. 11). Curve B also describes M/My for XT 


12—The basis of ferromagnetic hysteresis loops is found in these plots of M/My against reduced applied field b given by 
7) 


AT (uniaxial strain anisotropy) with various angles a between 


Oata 90 deg. 
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effect. But for small rotations of the magnetic moments 
the strain effect tends to return the moments while the 
applied reversed field tends to flip them 180 deg. Up to a 
critical field value, the situation is stable with the strain 
effect always returning any wandering moments. Above 
the critical field, the moments become unstable and 
flip into the field direction, Fig. 12C. 

If the angle between the field and the strain axis is 
intermediate between parallel and perpendicular, the 
process of magnetization change takes place in part by 
gradual rotation and in part by a sudden jump from one 
direction to another, Figs. 12F-H. These latter curves 
show a dependence of the magnetization on past history 
and have a range of fields for which the magnetization 
is double valued. This is characteristic of ferromagnetic 
hysteresis. The sudden changes in magnetization in finite 
fields dissipate energy as heat. They are irreversible, ther- 
modynamically, in that a small increase in the field above 

certain critical value results in a change in magnetic 
energy which is not recovered on decreasing the field by 
the same small amount. These curves illustrate general 
effects of technical ferromagnetism. The enclosed area 
represents the energy dissipated by the sudden magnetiza- 
tion jumps in going once around the hysteresis loop. In 
jumping, the moments pick up kinetic energy which must 
be dissipated as heat. The field at which a sudden jump 
occurs is called a critical field. (In usual ferromagnetic 
materials there are many critical fields rather than one 
as in this simple case.) The applied field necessary to 
reduce M to zero is called the coercive force. When a, 
the angle between field and strain axes, is less than 45 
deg. the critical field and the coercive force coincide. For 

45 deg, M is already negative when the critical field 
is reached. Curiously, for a 77 deg, M is greater before 
the moments flip than after, see Fig. 12H. Again, the 
moment turns completely into the field direction only when 
the field lies in a zero-strain-torque direction. 


The value of M after the field is reduced to zero is 


called remanence. The remanence, M,, depends only on a 
Thus 
V/ cos a for positive 7 


V/ cos (7 a) for negative A\7 


[he behavior for positive and negative AT is essentially 
the same while the magnetic field decreases toward zero. 
But for fields between zero and the critical field in the 
reverse direction, the switching mechanism is different 
For negative AJ the moments rotate in a plane in which 
the energy of magnetization is isotropic or, stated nega- 
tively, a plane in which there is no anisotropy. The mag- 
netization reverses in essentially zero field without loss 
of energy. For positive AT the moments reverse by a 
sudden rotation (except for the special case of the field 
perpendicular to the strain axis). This rotation takes 
place in finite field with a loss of energy 

Shape Anisotropy. The dipole-dipole interaction for 
neighboring atoms is some 10,000 times smaller than the 
spin-spin interaction responsible for ferromagnetism. In a 
small particle the weak dipole-dipole interaction only 
influences the direction of moment alignment; the align- 
ment itself is due to the spin-spin interaction. In larger par- 
ticles, the dipole-dipole interaction is the driving 
force for domain formation, to be discussed later. Dif- 


ferent effects occur for different size particles because 


the spin-spin interaction operates only over small dis- 
tances, while the dipole-dipole remains finite over large 
distances. 

The effects of the interactions of the dipoles can be 
calculated exactly for a special geometrical class known 
as ellipsoids. For simplicity, we shall consider ellipsoids of 
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Fig. 13—Ellipsoids of revolution wit! 
de maenetizinge factors alone the axis as 
indicated 


revolution, Fig. 13. The sphere is a special case, with the 
unique property that as long as the magnetization is uni 
form, the dipoles see only the externally applied field, 
not each other. However, in general, the field acting on a 
dipole is not the applied field, B,, nor the internal field, B. 
It is B minus the contribution to B from the dipole itself 
As a moment exerts no torque on itself, it is sufficient to 
consider B in torque discussions. (Later in discussing en 
ergy we will distinguish between fields arising externally, 
arising internally from other dipoles, and arising from all 
dipoles.) In the uniformly magnetized sphere the moments 
contribute to B solely in their own directions. Thus only 
the applied field remains to exert a torque. (The discussion 
of strain anisotropy in terms of B, is valid as we con- 
sidered a sphere.) For an ellipsoid of revolution the 
contribution of the moments to B is in the moment direc 
tion only if the moments point parallel (— ) along the ellip 
soidal axis or perpendicular ( ) to it. For the ellipsoid 
of revolution 

B=B Ir (1 D)M, +47r(Q1 D.) M, (9) 
D, and Dy, are the demagnetizing coeflicients which measure the 
extent to which the geometry keeps the magnetization from fully 
contributing to B. For a sphere D dD, 1/3: for a flat pan 
cake D LD 0: for a long needle D 0, Dy 1/2 
In general DPD + 2D, | 


The torque per unit volume acting on the moments js 


\ 


M,xB (10 


where we have modified Eq (1) by replacing m, by 
M,, V and B, by B. Thus noting, of course, that 

M, = M, + Mz 
The torque per unit volume is 


r 


M.xB In (1 D )M x(M M,) 

\ + 4r (1 — Di) M. x (M,, + Mi) 
M,xB Ir (Dy, DD) ) (Mx M,) 
Vy Ba sing 27 (Dy, D.) Me sin 26 (12) 


where # and @ are as defined in Fig. 14. Equations (12, 5) 


have the same form with different coefficients. Everything 
said for uniaxial strain anisotropy applies to this case of 
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The reduced field is given as 


B, 
Ir Dy D,, | M. 


The demagnetizing coefficient is smallest for the longest 
axis. Thus positive uniaxial shape anisotropy occurs for 
elongated or cigar-shaped ellipsoids of revolution. The 
highest value of B, for which b 1 is for very long 
needles where B, (max) 27M... For iron, cobalt and 
nickel, this is 11,000, 9,000 and 3,000 gauss respectively. 
Negative uniaxial shape anisotropy occurs for flattened 
or pancake-shaped ellipsoids of revolution. The diagrams 
of Fig. 12 also describe the behavior of ellipsoidal small 
particles. 

[wo limiting conditions are worth remembering: 

e A flat pancake gives strong negative uniaxial aniso- 
tropy; the moments prefer to lie in the plane of the 
pancake (for the moments to point out of the pancake is 
most unstable). 

e A needle-like line of dipoles represents strong positive 
uniaxial strain anisotropy; the moments prefer to lie along 
the line. 

Magnetocrystalline Anisotropy. The final source of 
torque on the magnetic moments is an intrinsic effect called 
magnetocrystalline anisotropy, or simply crystalline aniso- 
tropy. With no applied field, no dipole-dipole effect (say 
for smal] spherical particles) and no strain, the magnetic 
moments in most materials prefer to align along certain 
crystallographic axes. The origin of this effect is only 
partially understood. The spin-spin interaction does not 
prefer any particular direction regardless of the crystal 
symmetry. The effect responsible for crystalline anisotropy 
is quite sensitive to crystal symmetry and can be much 
larger in crystals of low symmetry (i.e., cph cobalt) than 
it ever is for cubic crystals (i.e., bec iron or fee nickel, 
Fig. 3). This is something like the behavior to be expected 
from dipole-dipole interactions. For instance, dipole-dipole 
interactions give no crystalline anisotropy for cubic 
symmetry, but do for cph or tetragonal crystals. Actually 
a ferromagnetic cubic crystal is not exactly cubic, so there 
could be some anisotropy from dipole-dipole interactions 
But in both cubic and hexagonal cases dipole-dipole cal- 
culations yield much too small an effect. 

Crystalline anisotropy stems from electron Orbital con- 
tributions to the magnetic moment. Even though negligible 
compared to spin contributions for condensed atomic 
systems, orbital contributions are sufficient to cause crystal- 
line anisotropy. The electron orbits are coupled to the 
crystal directions through electric fields which have the 
symmetry of the crystal. The orbital motions then couple 
with the spins. The result is a preference of the moments 
for certain crystal axes. 

This orbital effect is sensitive to crystal lattice distor- 
tions. Changes in atomic spacing along certain directions 
lead to stronger coupling, lowering the energy of the 
system, and spontaneous deformation follows. This is the 
magnetostriction effect discussed previously. Strain ani- 
sotropy is essentially due to strain sensitivity of crystalline 
anisotropy. No detailed theory of the origin of crystalline 
anisotropy has yet been developed consistent with observed 
data. Crystalline anisotropy, and its experimentally deter- 
mined variations from material to material and with 
temperature, must at present be accepted. 

Close-packed-hexagonal cobalt (Fig. 3) is the simplest 
case of crystalline anisotropy. It has a single preferred 
hexagonal axis. This uniaxial crystalline anisotropy is 
analogous to uniaxial strain and shape anisotropies: positive 
when the hexagonal axis is preferred, negative when the 
close-packed perpendicular plane is preferred. Curiously 
enough, cobalt: exhibits the positive effect at room tem- 
perature and the negative at elevated temperatures. 


uniaxial shape anisotropy. 


(13) 
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cubic Fig 16—Negative cubic 
crystalline anisotropy 


(nicke l) 


Fig. 15—Positive 
crystalline anisotropy (iron). 


Crystalline-anisotropy torques are not quite so simple as 
those previously considered. The torque in cobalt, for 
instance, is given by 
B sin (14) 
The sin 44 term is not negligible but does not change 
the qualitative behavior. For cobalt the reverse field along 
the preferred axis necessary to overcome the anisotropy Is 
13,000 gauss 


T 1 sin 26 


For cubic symmetry there are six or eight stable axes, 
depending on whether the preferred directions lie along 
the cube edges or the cube body diagonals (Figs. 15, 16). 
The torque expressions are quite complicated, given by 
appropriate derivatives of an expression relating the energy 
of moments to the angles between them and the crystal 
directions. 

uu ‘ ‘ + a? a3?) 4+ 

AK 2? ae? a3*)] V (15) 

is the volume occupied by the moments with 
direction cosines a,, a», and a, with respect to the cubic 
crystal axes. For rotation of moments in the plane of a 


where } 


cube face this leads to 
WY ssitettoune A, V sin? @ cos? @ (16) 
Here we neglect K., as is common practice for simplicity. 
Angle @ is between moments lying in the cube face and 
an arbitrarily chosen edge of the cube face. The torque is 
an l 


a6 1 


A, V sin 4 (17) 


This expression is similar to Eqs (4, 14). The behavior of 
small particles with cubic crystalline anisotropy is similar 
to that of uniaxial anisotropy in many ways. There are, 
however, no means of reversing the magnetization without 
sudden jumps of the moment direction as the field 1s 
cycled. Thus hysteresis always accompanies cubic aniso- 
tropy. To reverse the moments against the anisotropy, 
when the reversed field is directed along a preferred axis, 
takes a critical field for iron and nickel of 500 and 200 
gauss respectively. 


Magnetic Curling 


The basic interaction of ferromagnetism, namely the 
spin-spin or exchange interaction, favors parallel align- 
ment of the moments on all pairs of neighboring atoms. 
The strength of this local interaction is such that the spins 
are not uncoupled until the Curie temperature is reached. 
[he interaction primarily responsible for nonuniform mag- 
netization is a dipole-dipole interaction—an interaction 
so weak that if it alone caused ferromagnetism, the Curie 
temperature would be less than 1 deg K, compared to a T, 
for Fe of 1000 K. We have two interactions differing in 
magnitude by a factor of over a thousand, competing such 
that the stronger spin-spin interaction favors uniform mag- 
netization while the weaker dipole-dipole interaction favors 
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nonuniform magnetization. Yet ferromagnetic materials 
are usually in a state of overall nonuniform magnetization. 
The answer to this contradiction lies in the localized nature 
of the spin-spin interaction; i.e., restricted to neighboring 
pairs of atoms, compared to the long-range nature of 
the dipole-dipole interaction. We will investigate in detail 
the competition between these interactions first in the 
absence, then in the presence of an applied field—for the 
present neglecting crystalline and strain anisotropy. 

In the absence of crystalline or strain anisotropy the 
competition between spin-spin and dipole-dipole interac- 
tions* leads to what is called magnetic curling. The 
presence of anisotropy turns the curling process into 
domain formation. 

The most stable configuration of magnetic moments 
has the lowest magnetic energy. In principle one should 
calculate the energy of all possible configurations, then 
pick the one with lowest energy. In practice one makes 
an enlightened guess as to the lowest energy configuration, 
then shows it to be a lower energy configuration than 
other less enlightened guesses. Here we compare two 
possible magnetic moment configurations for a ferromag- 
netic material of spherical geometry with negligible strain 
or crystalline anisotropy and no external field. Uniform 
alignment of all the moments along some axis favors 
lowering the spin-spin interaction, Fig. 17. Magnetic curling 
favors lowering the dipole-dipole interaction. The curl- 
ing process for a sphere has the moments pointing in 
closed rings about a central axis called the curling axis, 
Fig. 18 (as if the sphere were a stack of phonograph 
records of varying diameter with the moments lying in 
the grooves, assuming the grooves as closed circles, 
rather than a spiral). 

Spin-Spin Energies. The interaction 
adjacent spins depends on the angle between them: 

ee JS* cos ¥ (18 
where JS’ is a constant measuring the strength of inter- 
action between each atom pair (it is the material constant 
whose magnitude and sign remain a challenge to ferro- 
magnetism theory), and ¥ is the angle between moments 
on adjacent atoms. The spin-spin energy is minimized by 
aligning moments on neighboring atoms; i.e., 0. The 
total exchange energy for the system, which we call 
“spins-spins energy” is a summation, namely 


energy of two 


MW 


When the moments are all aligned this is simply 


W, 1 stn N (20) 


where n is the number of atoms with which one atom 
interacts, say 8 for a body-centered-cubic material with 
only nearest neighbors interacting; is the total number 
of atoms in the material. The magnitude of nJS°/2 is 
approximately equal to k7.., where 7, is the Curie tem- 
perature and &k is Boltzmann’s constant relating tempera- 
ture to energy per particle. The factor 2 appears because 
we do not wish to count each pair twice. For a uniformly 
magnetized sphere 


W, wns (=) (21) 
a 


where R is the sphere radius and a the diameter o 


*This competition 
magnetic moment (d pole 
spin-spin interaction 
tributions, arising because 
teraction is a magnetic 
magnetic field, hence 
ing distance). 
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Fig. 17—Uniform mag- 
netization, magnetic mo- 
ment arrangement minimiz- 
ing spin-spin energy in a 
sphere. 


Fig. 18—Concept of mag- 
netic curling wherein mag- 
netic moment arrangement 
minimizes dipole - dipole 
energy. 


one-atom volume. For a sphere with the curling arrange- 
ment of moments, Fig. 18: 


W., | Us (2) 
é a 
«JS ( 2n ) [ in ( an ) | (22) 
a a 


Note that the second term does not vary directly in pro- 
portion to the volume of the material. The origin of this 
term can be seen by decreasing the radius of the 
curling loop of Fig. 18. The closer to the curling axis, 
the tighter the curling and the larger the angles between 
neighbering moments along the loop. The spin-spin inter- 
action is a minimum for zero angle, so that an increase in 
angle increases the spin-spin energy. The larger the angle 
the more unstable the configuration. The major contribu 
tion to the second term (which increases the spin-spin 
energy) comes from near the curling axis. For small 
spheres this is more important than in large 
simply because the moments near the axis represent a 
larger fraction of the total number of moments. Thus this 
term does not increase as fast with R as does the first 
term. 

Dipole-Dipole Energies. The dipole-dipole interaction 
is more complicated. It depends not only on the angle 
between the two moments but also the angle each mo- 
ment makes with the line joining the two moments. The 
field which a dipole produces at a point P at a distance 
r (see Fig. 19) is given in the vector equation 


spheres 


m.r m 
B ; r (23) 


r r 


where m represents the dipole moment and r represents 
the position of P with respect to the dipole. The quantity 
m * r equals mr cos @ where @ is the angle between m and 
r. The second term is always opposite from the direction 
of m. The first term is directed along the line between P 
and the dipole; which way this contribution points depends 
on @. The field at P is then the vector sum of these two 
components 

The energy of one dipole in a magnetic field of another 
dipole 1S 

MW m:*B 


m 
—(3 cos 6 cos 6 y / (24) 
r 


where 4 and @’ are the angles the moments make with the 
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Fig. 19-—Fields from dipoles at various orientations with re 
spect to a point P 


line joining them, and w is the angle they make with each 
other. This energy is minimized if the two dipoles point 
in the same direction along the line joining them. This 
condition can be met for two dipoles, or for all pairs in a 
line of dipoles, but for any other configuration of more 
than two dipoles it is impossible to have all pairs aligned 
along the direction of the line joining each pair. Each di- 
pole can only point to minimize its energy with respect to 
the field created by all the other dipoles: this field we call 
By j,.).<. The energy of one dipole in the field of all the 
others is 

| mB, (25) 
The total energy of all the dipoles is a sum of all such 
terms divided by two (to avoid counting each dipole-dipole 
pair twice): 


i} 


The summation of Eq (26) or integration of Eq (27) 
is generally difficult to perform. For a uniformly mag- 
netized sphere, the field at any dipole due to all the 
other dipoles is zero: 

W dipoles-dipoles 0 for uniformly aligned sphere 
For an ellipsoid magnetized along a principal axis 


keel ( S =f ) (29) 


where D is the demagnetizing factor for that principal 
axis. In a sphere all directions are principal axes and 
D 's. The total field inside an ellipsoid so magnetized is 

B tor M,C D)+B (30) 
This field contains the contribution from all the dipoles 
including the one omitted by definition in B igs eae 
omitted moment, assumed spherical, contributes a term 
82M,,/3 


B B B (31) 


When B is the same for all dipoles, Eq (26) becomes 


Ws ‘By 'M,-B (32) 
where Nm has been replaced by M,V. For an ellipsoid 
with all moments along a principle axis. B coincides 
with M,,, and 

N = MeV + 25D M¢ t (33) 


For a very long needle D goes to zero as d?//1" goes to zero 
(d/l is diameter-length ratio). The minimum energy of 
a collection of dipoles is given by the limiting case of the 
long needle, D 0, namely a line of dipoles all aligned 
along the line joining them. This minimum energy con- 
figuration is approximated by a thin toroid (Fig. 20) 
The curling configuration (Fig. 18) also approximates 
this minimum energy of a line of dipoles because it can 
be thought of as a collection of thin toroids. “Approxi- 
mates” means the difference in energy between the curling 
case and the limiting case of a line of dipoles is quite 
small compared to the difference in energy between the 
line of dipoles and a spherical collection of aligned dipoles. 
Thus we can write for the approximate energy of the 
curling configuration in a sphere 


Wy 


Total field inside a sphere in the curled state is 
B = Ir M, 


[The lowest energy configuration for the dipole-dipole inte 
From Eq (31) 


—_ 
) 


action is obtained by minimizing Fq (2 
with B 0 we write 


B, 
and Eq (27) becomes 


Wai; 


Fig. 20—Thin toroid 
approximates a_ line 
of dipoles 
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The second term on the right represents the minimum 
possible dipole energy of a collection of dipoles in the absence 
of an applied field. This minimum energy is obtained if 
B = 47M, throughout the material, making the first term zero. 
In all but the case of the infinitely long needle 


: me: ix My)‘ Mo dV > 0 (38) 


in the absence of an applied field. In the toroid this energy 
is very close to zero. For the curling arrangement in an 
ellipsoid, this is also approximately true. By approximately 
true, it is meant that 


2x D MeV >> : [ ir M,)*Myd) > 0 (39) 


As long as D does not approach zero, as in a very long needle, 
this relation will be satisfied. The energy of the curling con- 
figuration is thus given by Eq (34) and the magnetic field, 
B, is quite close to 4,M, as expressed in Eq (35).] 


For the sphere, where the approximations are valid, 
we may compare the dipole-dipole energies of the curled 
and aligned configurations; i.e., Eqs (28, 34). The curling 
configuration has the lower dipole-dipole energy and the 
difference is 

oP dincleadhs 


(curling) i! (aligned) 


(10) 


Critical Radii. The more stable configuration of the 
sphere depends on a comparison of total magnetic ener- 
gies including the spin-spin as well as the dipole-dipole 
energies. The total difference from Eqs (21, 22, 40) is 


Wied Ceurling) VW eos (aligned) 
be % (41) 


If the first term is larger, the difference is positive and 
the energy of the aligned configuration is lower. If the 
second term is larger, the difference is negative and the 
energy of the curling configuration is lower. Alignment 
dominates for small values of R, while curling dominates 
for large R above a critical radius R, (See Fig. 21). For 
iron, R, is approximately 50 atomic distances. Note that 
the critical radius depends on the ratio of JS*/a to M,?. 
For most useful materials the values JS*/a are within a 
factor of 3 of one another. On the other hand, it is 
always possible to decrease M,° so as to increase R,. In 
many commercial ferites M,° is a factor of 100 less than 
in iron and the critical radii are larger by a factor of 100. 


[The above calculation of R. neglects the anisotropy energy. 
However it is still valid if a small amount of anisotropy is 
introduced. For a sphere the magnetic field associated with 
the difference between curling and uniform magnetization is 
4nM/3 which is of the order of 7000 gauss for iron, while 
the anisotropy field is at most several hundred gauss. As the 
diameter of an iron sphere is increased the stable state changes 
from uniform magnetization to curling, but eventually the 
curling configuration goes over into a domain configuration. 
The latter happens when the width of a domain wall becomes 
smaller than the particle diameter. For iron this limit is for 
2R ~ 104 cm.] 


Even though curling is preferred by the moments when 
R >> R,, it is not necessarily the most stable configura- 
tion. The energy of a sphere might be lowered by a 
redistribution of moments near the curling axis where 
spin-spin interactions are strongly affected by the rapid 
change in moment direction from atom to atom. So far 
we have only compared two specific configurations. For 
real ferromagnetic materials it is generally impossible to 
find the absolute minimum energy configuration. The best 
that can be done is to pick configurations and compare 
their energies. 


MARCH 1959 





100 C 300 


Fig. 21—(A) Increase in spin-spin energy in curling process 
and (B) increase in dipole-dipole energy in uniform alignment 
for a sphere of radius R. 


Ellipsoids are the simplest of all physical shapes, yet 
even here it is difficult to solve exactly the problem of 
competition between spin-spin and dipole-dipole  inter- 
actions. For other shapes the problem is worse than 
difficult. In the ellipsoid we can also treat the problem 
in the presence of an applied magnetic field. With other 
shapes the applied field problem is a challenge for the 
best of modern computers. 

Generalized Curling. From the simple comparison of 
the sphere with the moments aligned to the sphere with 
the moments curled, we can jump to a general conclusion. 
For all shapes, something equivalent to the curling con- 
figuration will minimize the dipole-dipole energy [see 
Eqs (37, 38)] and thus the total energy if the sample is 
large enough and we can neglect anisotropy. The curling 
process allows M,, to make a maximum contribution to B 
at each point in the material as in Eq (35). The basic 
equations of magnetism in the absence of currents state 
in vector form that 


curl B curl I7M (12) 
div B 0 


The maximum contribution of M, to B occurs if the 
magnetization forms closed loops which avoid discon- 
tinuous changes in the normal component of M, across 
any surface. Divergences of M,, do not contribute favor- 
ably to B within a material. The guides in constructing 
a curling* configuration are: 

e Moments do not point out of surfaces, either external 
or internal. 

e Moments tend to lie parallel to their neighbors. 

e Direction of magnetization varies continuously but 
slowly so as to form closed loops of magnetization. 

These conditions lead to a contradiction somewhere 
in the material except for multi-connected surface con- 
figurations such as the toroid. Generally the contradiction 
occurs along a plane or some other surface rather than 
along a simple axis as for the sphere. As a fourth guide 
we note: 

e The configuration tries to minimize the volume of 
the material in which the curling conditions lead to con- 
tradictions. 

As an example we consider the rectangular parallel- 
piped; i.e., a brick of ferromagnetic material. In Fig. 22 
are three possible configurations that follow the first three 
guides. Each has a much lower energy than it has uniform 
alignment in any possible direction; each introduces a 


*Not to be mnfused w erator r ab 













































































Fig. 22—Three possible curling configurations for a_ ferro 
magnetic brick with no anisotropy. Lowest energy is at (B). 


plane of discontinuity across which the moments reverse 
direction. Lowest energy configuration is at (B), where the 
least number of atoms lie in the unfavorable region. The 
volume of this region is roughly R, times the area of 
the plane. The detailed moment arrangement in this region 
appears difficult to guess and has not yet been calculated 

A toroidal or doughnut shape avoids the region of 
unfavorable moment alignment essentially because of its 
hole. In the very long thin needle, curling is not a stable 
state because the dipole-dipole energies of the completely 
aligned and curling arrangements are very close together, 
while the completely aligned arrangement has the lower 
spin-spin energy. 

Uncurling. So far as the spin-spin and dipole-dipole 
interactions are concerned there are two general ways 
in which the moments in a ferromagnetic material can 
be arranged: 

e Uniform alignment along one direction if the material 
is of small enough dimension. 

© Curling if the material is sufficiently large. 

A field applied to a uniformly magnetized sample can 
only rotate the magnetization as a whole. This case has 
already been treated including the roles played by strain 
anisotropy, shape anisotropy, and crystalline anisotropy. 

The application of a field to a curling configuration 
leads to uncurling. The uncurling process can be com- 
pleted by a finite applied field as long as there are no 
anisotropies to consider. For a sphere the uncurling pro- 
ceeds as in Fig. 23. During uncurling the moments have 
a component in the direction of the applied field and 
another in the curling direction. The component in the 
field direction contributes to the dipole-dipole energy as 


Fig. 23—Uncurl 
ine of the mo- 
ments within a 
sphere in an ap- 
plied field from 
curling  configura- 
tion at (A) to uni- 
form alignment 


with field at (C). 


if the whole sphere were uniformly magnetized with a 
magnetization equal to that component; this contribution 
is of course zero, Eq (28). Similarly the curling-direction 
component contributes to the dipole-dipole energy as 
if the whole sphere were curled, but with a magnetization 
equal to the curling direction component. The energy 
contribution is as in Eq (34) with M, replaced by M, 
sin @. 
The energy of a dipole in a magnetic field is 

W aipote mas Bion (43) 

where 


Biveat = Baipotes + B (44) 
The total energy of all the dipoles in the field is 


W vor em. Ba .—" (45) 


& au — 
ver over 
ill dipoles all dipoles 


[he factor of ’2 occurs only in the first term. We do not 
consider the action of the dipoles back on the source 
of B,. The first term is just the previously 
discussed. For the uncurling process 
hy 

m-* B, 


/ 
— 


B, My V cos @ —B,MYV (46) 
where Eq (3) has been used. And 
1" mB — = M¢ sin 


where sind l cos @ has been used. The total energy 


is Eq (46) plus Eq (47): 


rT = =" M:?V — MB, \ (48) 
The stable state occurs for the value of M which for any 
value of B, makes the energy a minimum. If B, is zero, 
then the stable state is M 0, which is the state of 
curling. /f B, is large, then M should be as large as pos- 
sible, namely M == M.,, which is the state of uniform 
magnetization, or the state of saturation. The energy will 
be a minimum when its derivative with respect to M is 
zero, when 
3B 


V ‘for M s Mo (19) 


The field necessary to saturate the magnetization is 


B, (sat) vs Vo (50) 


3 
In the process of uncurling, the moments make their 
maximum possible contribution to the field B inside the 
material; that is, B continues to point in the direction of 
the magnetization at all points in the sphere just as it 
does in the completely curled case. For every point 


— 
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Fig. 


24—U ncurling 


process 


graphed with (47) M as a func- 


tion of Bs, B and H. 


<—* 


in the sphere we can write Eq (49) as 


B = 47 Mp for B, < '™ My = Ba (sat) (51) 


Once the uncurling process is completed, B_ increases 
directly as the applied field, that is 
B ir M, + B B, (sat) for B, < B, (sat) (52) 
The uncurling process can be described by Eq (49) which 
gives M in terms of the applied field, or it can be described 
in terms of B, the component of B in the direction of 
the applied field. In terms of B and M, we can write 
Eq (51) also as 
B =41n M for B, < B, (sat) (53) 
Customarily a vector H is defined by the relation 
H=B Ir M G1) 
For historical reasons rather than its fundamental sig- 
nificance, H is called the intensity of the magnetic field, 
whereas the field B is generally defined as the magnetic 
induction. Calling H the magnetic field simplifies the 
discussion of magnetization of ideal ferromagnetic ma- 
terials. Curling as described in Eq (35) is simply H 0 
For uncurling, Eq (51) also becomes 
H 0 for B, < B, (at) (55) 
and if we denote the component of H in the direction of 
the applied field by H, Eq (53) becomes 
iH 0 for B B,, (sat) (56) 
The uncurling process then can be represented by any 
of the three diagrams in Fig. 24. 

For the ellipsoid of revolution with the curling axis 
along a principal axis, the above analysis for the sphere 
is directly applicable with a small change in Eq (48). The 
(13) in the second term becomes D, the demagnetizing 
factor for the curling axis. Equations (51 through 56) 
remain unchanged while Eqs (49, 50) become 

B, 

ir D 
B, (sat) Ir DM (50a) 

The linear dependence of M on B, leads to the definition 
of a permeability p, 


V/ for B, < B, (sat) (19a) 


in V l _ 

B dD -“ 
The —1 appears for engineering reasons to be explained 
below. The smaller the demagnetizing factor the higher 
the permeability. 

These arguments for simple geometries are approxi- 
mately true in more complicated situations. In a_ real 
material with zero anisotropy the above equations describe 
the magnetization process. Magnetization does not occur 
for infinitesimal applied field because of geometrical con- 
siderations. Internal geometry becomes more important 
than external shape. The latter effect can always be made 
negligible, but the former depends on the internal per- 
fection of the material. In the best magnetic materials 
the effective demagnetizing factor from internal geometry 
is very close to zero and the permeability is over 10° 
According to Eq (50a) in the limit of the very long 
needle, an infinitesimal applied field will uncurl the 
moments inasmuch as D goes to zero. In this limit, how- 
ever, curling is not a stable state and Eqs (49a, 50a and 
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Fig. 25—Rectangular hysteresis loop for 
curling process in very long needle 
(or toroid) of radius R for ~« > R > 
R. where R, is the critical radius for 
uniform rotation of moments. 











57) are not applicable to the very long needle or the 
thin toroid (unless they contain internal imperfections). 

The Very Long Needle and the Toroid. In the very 
long needle the difference in dipole-dipole energy between 
the uniformly aligned or saturated case and the uncurled 
case is negligible compared to the spin-spin interaction 
difference. The very long needle will always be aligned 
as a result of the spin-spin interaction. But magnetization 
reversal by an applied reversed field should not take 
place by uniform rotation; the moments would lie across 
the needle during reversal, where the dipole-dipole energy 
is considerably increased. The easiest means of reversal 
is by curling; the energy of the dipoles need only compete 
with the unfavorable spin-spin interactions about the axis 
The thicker the needle the smaller the field required for 
curling as the overall effect of the spin-spin interactions 
at the center lessens. Conversely, the thinner the needle, 
the higher the field for reversal by curling. This reversal 
is a go or no-go proposition. If the field is sufficient to 
cause curling, the process goes to completion with all 
moments completely reversing. 

Such behavior is shown in Fig. 25, which is plotted 
in terms of both H and B, (in the limit of the long needle 
B, B 47M H). If the needle is few enough atoms 
across, the reverse field necessary for curling exceeds the 
field necessary to rotate the magnetization uniformly 
against the unfavorable dipole-dipole alignment which 
occurs for uniform rotation. The changeover from re 
versal by rotation to reversal by curling occurs for the 
same critical radius R,. calculated for the sphere, specifical 
ly for iron approximately 50 atomic distances. Thus for 
the long needle, spin-spin interaction dictates uniform 
alignment while the dipole-dipole interaction directs the 
alignment along the needle axis. But in the magnetization 
reversal spin-spin interaction uniform 
reversal tor small-diameter needles and dipole-dipole inter- 
action favors curling if the needle diameter is large 
enough. This also applies to thin toroids 

If in addition to the dipole-dipole interaction, there is 
an anisotropy, crystalline or strain, with a_ preferred 
direction along the needle axis, this also favors uniform 
alignment. Magnetization reversal will be more difficult 
for both uniform rotation and curling as the moments must 
rotate against the anisotropy torque. When the needle 
radius R R,, the anisotropy determines the critical 
field at which the magnetization will reverse by curling 
As this anisotropy acts equally on all the moments, the 


process favors 


critical field becomes independent of the needle radius 
for R>> R,. The reverse field sufficient for curling in 
a long needle is the same as that calculated for uniform 
rotation against the anisotropy in a spherical particle, 
for instance from Eq (7) with b 


B,, Cerit) 


for the case of strain anisotropy (58) 


or from Eq (17) by the method of deriving Eq (7) from 
Eq (4): 
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Fig. 26—Magnetic moment configuration in ferromagnetic 
brick: (A) with no anisotropy and no magnetostriction; (B) 
with anisotropy but no magnetostriction; (C) with anisotropy 
and magnetostriction 





Fig. 27—Top, rotation of moments with respect to each other 


in 180-deg wall. Bottom, angle of moments for different posi- 
tions in 180-deg wall 


If the anisotropy does not have the needle axis as a 
preferred direction, uniform alignment along the needle 
will not minimize the anisotropy energy. Nor will align- 
ment in the anisotropy direction minimize the dipole- 
dipole energy: 

e The competition of these two factors plus the ten- 
dency toward alignment due to the spin-spin interaction 
leads to the formation of domains. 


Domains and Domain Wall Formation 


Real ferromagnetic materials are uniformly magnetized 
if sufficiently small. All the behaviors discussed for uni- 
form magnetization reversals are observed in One way 
or another. But most large ferromagnetic bodies do not 
exhibit curling; they show only a tendency toward curling 
which manifests itself in the formation of domains. In- 
stead of uncurling, the magnetization process is one 
of domain wall motion. Dipole-dipole considerations which 
lead to curling in the absence of anisotropy lead to do- 
main formation when crystalline anisotropy is considered. 
Domain formation can be considered as curling of homog- 
enous blocks of moments. 

This effect is easy to visualize in a ferromagnetic 
single crystal oriented so all faces are faces of the body- 
centered-cubic unit cell, with the crystalline anisotropy 
positive so the easy directions are parallel to the brick 
edges. The curling configuration of Fig. 26A then becomes 
that of Fig. 26B. The crystalline-anisotropy torque tends 
to turn the moments into the preferred crystal directions 
and effectively squares up the corners of the curling 
arrangement. The moment arrangement becomes that of 
a domain wall near the plane where there is a sudden 
change in magnetization direction. Domain walls of two 
types appear here. The four corner walls are called 90-deg 
domain walls. The center wall is a 180-deg domain wall. 
Single crystals so oriented with positive cubic anisotropy 
usually have more domains than shown in Fig. 26B. The 
result is more like Fig. 26C. The difference is an effect of 
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Mmagnetostriction, the spontaneous change in atomic spac- 
ing accompanying the appearance of ferromagnetism. In 
iron, the atoms are stretched apart slightly when the mag- 
netization is along the cube edge as it is for all fou 
domains in Fig. 26B. The elongation of the end domains 
perpendicular to that of the side domains results in an 
elastic strain. The total strained volume is decreased it 
Fig. 26B goes over to Fig. 26C. This is done only at the 
expense of creating more domain walls and increasing 
the total number of moments in the walls. 

Domain Wall Energy. The change in moment direction 
changes the spin-spin interaction energy. As the spin-spin 
interaction has minimum energy when adjacent atoms 
have parallel moments, the domain walls represent regions 
of increased energy (Fig. 27). Compensation for this 
energy increase comes from a favorable dipole-dipole 
arrangement of the domains with respect to each other. 
Within the wall, spin-spin interaction competes with the 
crystalline anisotropy: the higher the anisotropy the nar- 
rower the walls. With no anisotropy, the walls would 
spread and the domain configuration would go over to 
curling. In the limit of very high anisotropy the wall would 
just be a fictitious plane between two adjacent planes of 
atoms with moments pointing in different directions. In 
this limit the increase in spin-spin energy would be 


AW, . 2I8° N,. for 180-deg walls 
AW ; JIS? N 


for, 90-deg walls 


where N,,. is the number of pairs interacting across the 
plane. 

The moments either side of a 90-deg wall exert a 
torque on each other, due to spin-spin interaction, that 
tends to turn them out of the preferred crystal directions 
until the back torque from the crystalline anisotropy 
balances the spin-spin torque. Each rotated moment exerts 
a torque on the moment behind it and so on until the 
wall reaches an equilibrium width, where the wall energy, 
is shared equally by the spin-spin interaction and the 
rotation of the moments against the crystalline anisotropy. 
This occurs for a certain wall thickness (or half-width. 
as there is no real beginning or end to a domain wall) 
See Fig. 27. A detailed calculation of the wall energy, 
and half-width is a variational problem involving the 
distribution of moment directions through the wall. A 
simple dimensional argument however, gives close to the 
correct answer and shows the essential features. The 
contribution to the wall energy from the unfavorable 
spin-spin alignments can be obtained starting with Eg 
(18). For small angles between the moments the energy, 
increase for any pair will be JS Ay*/2, as cos Ay = 1 — 
Ay /2. The total increase in spin-spin energy will be a 
sum of such terms for all the pairs in the wall. The total 
number of pairs is proportional to the wall volume 
divided by the atomic volume, that is Aé a*, where A is 
the wall area and 4 is the wall thickness. The average value 
of Ay will be inversely proportional to the number of 
atoms across the wall, namely 6/a. Thus, apart from a 
numerical constant, 


. +s (4 ) ( is) 
- ae ; 62 a 


or supplying an undetermined constant p 


pJS . (60) 


ao 


The anisotropy energy will be proportional to the gen- 


eralized anisotropy constant, K K AT, which in- 
cludes strain as well as crystalline effects. and also will 
be proportional to the wall volume. Thus, apart from a 
numerical constant 
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Fig. 28—Domains in single crystal of iron cut with least pre- 
ferred axis along the bar and preferred axes lying in the faces 
hut not parallel to crystal edges. 


_ 


A 8 


Fig. 29—Domain configurations in crystals with (A) large and 
(B) small uniaxial anisotropy. 


or supplying an undetermined constant q 


i iat qh 16 (61) 


[he wall energy is then the sum of these two terms. The 
moments will arrange themselves in the wall to minimize 
this energy. Differentiating the sum of Eqs (60, 61) with 
respect to 6 gives 6 as proportional to (JS*/aK)'* and 
the wall energy as proportional to (JS°K a)' °A. High 
anisotropy narrows the wall and increases the energy per 
unit wall area. A more rigorous calculation considering 
the way the moments vary across the wall gives wall 
thicknesses of the order of 400 atoms for iron, and a 
wall energy which is 


1 
AN or ( KIS ) \ (62) 
a 


The variations of the moment directions in the wall are 
such that the angles between adjacent moments are small 
when they are closest to the preferred directions and the 
anisotropy torque is small. Where the anisotropy torque is 
largest the moments make larger angles with their neigh- 
bors. On this argument a 1 80-deg wall should really be two 
separated 90-deg walls if the anisotropy is cubic. But mag- 
netostriction Keeps the 180-deg wall a unit. 

In the oriented single crystal, Fig. 26, the moments do 
not point out of the crystal except where the domain 
walls intersect the surfaces. Other orientations can point 
the moments out of the surfaces, but usually the domain 
configurations will minimize this effect. A slight mis- 
orientation of a preferred direction and a surface leads 
to the so-called Christmas-tree domain pattern of Fig. 7. 
In Fig. 28 is the domain pattern for a different orientation 
of the preferred axes of an iron single crystal with respect 
to the surfaces of a ferromagnetic brick. 

For uniaxial strain anisotropy, where curling cannot 
be completed without orienting moments perpendicular 
to the preferred axis, a high anisotropy leads to pillar-like 
domains, Fig. 29A. Here the dipole-dipole interaction tries 
to minimize the cross section of the domains, which in 
turn creates more wall area. If two dipoles are con- 
strained to lie perpendicular to the line joining them, 
their stable condition will be an antiparallel alignment. 
If the anisotropy is low, closure domains can result, Fig. 
29B, with the increase in anisotropy energy offset by 
reduction in dipole-dipole energy. The perpendicular posi- 
tion, while not stable with respect to the anisotropy energy, 
is at least a position of zero torque. The local stability 
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derives from local spin-spin interaction, 
overall stability of the closure domain 
dipole-dipole interaction. 

Magnetic materials are generally polycrystalline, com- 
posed of many crystallites or grains with their crystallo- 
graphic directions randomly distributed. Even if each 
grain were single domained, the polycrystalline sample 
would be multi-domained. Grain sizes usually found in 
metals are large enough to consist of a number of domains 
The domain configuration within each grain is determined 
by competition between: 

@ spin-spin interactions 

e dipole-dipole interactions between moments within 
the grain and with moments in the surrounding grains 

e magnetocrystalline anisotropy 

e strain anisotropy arising from internal stresses asso- 
ciated with the formation of grains in the material o7 
domains in the grains. 

This is obviously a complex problem regardless of what 
assumptions are made about grain shapes and orien- 
tations. It is primarily the domains within each grain 
that determine the behavior of most ferromagnetic ma- 
terials. With some success these grains may be treated 
as single crystals with modified boundary conditions. 

Domain Wall Displacement. To understand the tech- 
nological importance of domain wall formation, conside! 
the long needle with its axis as a direction preferred by 
the crystalline anisotropy. No domains will be formed 
simply because the dipole-dipole energy is already mini- 
mized by uniform alignment of the moments along the 
axis; thus the formation of a domain wall cannot reduce 
the dipole-dipole energy. Further, the formation otf 
domain wall has an adverse effect due to extra wall en- 
ergy. Should a wall be formed, it would destroy itself by 
the following process. All of the moments on one side 
of the wall must rotate into the direction of the moments 
on the other side of the wall. They do not do this in 
unison; rather the wall moves through the crystal. The 
moments on one side of the wall leave the wall and 
join the domain on that side, Fig. 30. while moments on 


Fig. 30—Schematic drawings in sequence of a moving 180-deeg 
domain wall. The moments do not move; rather they rotate 
as the wall advances from left to right. Thus, in each suc- 
cessive sketch from top to bottom, the domain on the left 
(pointing up) grows while the domain on the right (pointing 
down) shrinks 
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the other side leave their domain and join the wall. The 
wall moves to decrease its area, hence the number of 
unfavorable spin-spin interactions. Wall thickness remains 
constant until the wall reaches the surface and disappears. 

The increase in total energy due to wall formation can 
be small compared to the energy for magnetization reversal 
by curling against the anisotropy. In a needle one might 
expect reversal to occur by wall formation at the surface 
and to proceed by wall movement. However, a far greater 
field is necessary to start a domain wall than to keep it 
moving. In fact a wall is not a stable configuration whether 
or not there is an applied field. The field necessary to 
start a wall anywhere in the needle is essentially the same 
but slightly greater than the field necessary to start the 
curling process. In both cases the local field acting on 
the dipoles overcomes the anisotropy back torque. 
Wall creation also requires contributing energy to the 
wall. As the local field is the same for all dipoles in a 
uniformly magnetized ellipsoid, there is no preferred place 
for a wall to form; that is, for a domain of reversed 
magnetization to be nucleated. 

Experiments with oriented single crystals of iron in 
long “whiskers” show magnetization reversal only when 
the applied field is sufficient to curl all the moments 
against the anisotropy. That is, B, >2K/M 500 gauss 
for pure iron. This result is in accord with expectations, 
but is obtained only for these very nearly perfect crystals. 
The result is actually so exceptional that it was first 
Usually iron crystals reverse their 
magnetization in fields of a small fraction of one gauss. 
This usual result is not in accord with expectations until 
we introduce the essential role played by imperfections 
domain walls. Imperfections give 
rise to internal fields which allow the dipole-dipole energies 
to “buy” domain walls. More important, they supply 
reversed local fields of sufficient magnitude to nucleate 
the reversed domains. The energy required to move walls 
once they are created is expected to be very small. More 
precisely, once the domain of reverse magnetization is 
sufficiently large it should move without the aid of an 
applied reversed field. However, again the imperfections 
play an important role: they tie down the walls so that 
it takes a finite applied field in the reversed direction to 
break the walls away from the imperfections. Thus im- 
perfections are responsible for low coercive forces as they 
nucleate domains of reverse magnetization, yet they keep 
the coercive force from being zero by stabilizing the 
domain walls. The problem of nucleation of domains of 
reverse Magnetization and the movement of domain walls 
is central to understanding the behavior of ferromagnetic 
materials. To change the magnetization of a uniformily 
magnetized specimen, one can either reverse all the 
moments at Once or just some local group. In either case 
one must overcome the anisotropy torque. For local 
reversal the back torque from wall creation must also be 
considered. For curling against an anisotropy by all the 
moments of a crystal large compared to the critical radius 


obtained last year 


in the nucleation of 


B, > 2K/M (63) 


To find B we just select that group of moments 
which rotate or curl together, whether it be one moment, 
all the moments or any intermediate number. If we assume 
the group is ellipsoidal or spherical, the local field is B 

taken to be uniform for the group), minus the field 
contributed to B by the group as a whole. For a needle, 
if all the moments curl together, 

Byoeal B, (64) 
and Eq (63) is the same as Eq (59). For a spherical 
group or for one moment in a long needle 


B B 


i M (65) 


o 


B,..4; is taken positive if in the local-magnetization direc- 
tion. 
To uniformly rotate a spherical region of radius R 


embedded in a region of uniform magnetization we find 


Btont > as + 3x ( me) ¢ RM (66) 
M. a / 

The last term represents the wall energy, which decreases 
inversely as the radius because it depends on the surface 
area of the spherical region. The other two terms depend 
on the volume of the region. 

If a region were for some reason (say temperature 
fluctuation) to find itself reversed, the anisotropy would 
help keep it reversed. The condition that a reversal be 


stable is that 
2k : KJS + 
> 3a iM 6. 
My (42*) /' ” 


For a given B,,,.,, the radius which satisfies Eq (67) will 
be smaller than the radius for Eq (66). Nevertheless, for 
the largest negative B found in, say, a piece of iron, 
this radius represents too large a group of atoms to be 
affected by thermal fluctuation at room temperature. 

In comparing Eqs (66, 67), it is clear that a reverse 
domain once nucleated will grow until it enters a region 
where reversal of additional moments will not lower the 
energy. 

The problem of nucleation is one of obtaining local 
fields over volumes greater than that specified by the 
critical radius for nucleation in that particular local field. 
The problem of domain growth is one of showing that 
the total energy is lowered by continued growth of the 
nucleus. That the energy would be lowered by the forma- 
tion of a reverse domain is only a necessary condition. 
A sufficient condition is that the local field which satisfies 
Eq (66) exists over a region larger than that specified by 
the sphere of radius R appearing in Eq (66). 

The energy of a uniformly magnetized long needle or 
toroid* is given by Eq (34), namely 27M ,?V/3. To 
do the calculation exactly, in such a system we put an 
ellipsoidal imperfection and to make it really easy we 
assume ellipsoids of revolution with their axes in the 
direction of the uniform magnetization. If we keep the 
moments all aligned the energy will be 


27 DM? \ (68 


where V’ is the volume of the ellipsoidal cavity and D 
is its demagnetizing factor. If the cavity is filled with a 
magnetic material of different magnetization M,’ (which 
can be zero), we have 

Wed <™ M24 


> DY 
sy ? 


27D(M V7, '2) V’ (69) 


By arranging the moments, particularly those at the poles 
of the cavity or inclusion, in sOme means other than 
uniformly we can expect to reduce the energy below that 
given by Eq (68) or (69). The maximum reduction 
would be given by the last term in each expression. Thus 
the maximum energy available for forming domains is 

AW = 27D (M M'2) V’ (70) 


This energy is largest for flat plate inclusions or flat 
cavities across the direction of magnetization and_ is 
negligible for needle-like inclusions or needle-like cavities 
in the direction of magnetization. The fields in the cavi- 
ties will be uniform and given by 

eswits InDM B (71) 


or for an inclusion of magnetization M,’ 


*Toroids are made to be extremely long needles with the 


rotating so as to be parallel to the toroid sides by winding toroid cores of thin 


anisotropy axis 


tapes 
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Fig. 31—Nucleation of domains of reverse magnetization by 
a spherical inclusion 


B . inD(M Vo) +B (72 
The field just outside the pole of the cavity or inclusion 
is equal to the field in the cavity or inclusion. Therefore 
the local field in that region of the material is 


In (D 2/3) V/ 


Vl Sa (73) 


ica Ix (D 2/3) (M VW) +B (74) 
Ihe largest reversed local fields will be at the poles of 
needle-like cavities for which D Q (in iron some 
14,000 gauss), but this field will exist only over a very 
small volume right at the pole. For a spherical cavity the 
field outside the pole may be assumed constant over a 
volume with a radius, say, 1/10 the radius of the sphere. 
As D 1/3, this field is strongly negative, over 7000 
gauss for iron. Thus a spherical cavity of several hundred 
atoms radius would be sufficient for nucleation in iron. 
Spherical cavities nucleate reversed domains, but they 
do the job too well. The reversed domains about spherical 
cavities are practically glued down. The behavior of the 
magnetization about a spherical inclusion is shown in 
Fig. 31 as a function of applied field. The domain so 
easily nucleated does not give a “free” moving wall until 
—B, = 4cM,/2000 10 gauss for iron. This break- 
away field however, is much smaller than that necessary 
for magnetization reversal in the absence of the cavity 
(a factor of 50 in iron), but still considerable. If the 
cavity is filled with a material which is closer to the 
magnetization of iron, the breakaway field can be reduced. 
There is an optimum M,” for the spherical inclusion 
such that 


Aor 


-Bioeat = = (My — M4) = 2K (75) 
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If domains form about a plate-like cavity a very small 
reversed applied field is sufficient to break them away. 
The plate-like cavity has a lot of dipole-dipole energy 
for forming domains but lacks local fields sufficient for 
nucleation. The local field outside a plate-like cavity is 
always in the direction of magnetization unless the applied 
fields in the reverse direction are enormous (7000 gauss 
for iron). Nucleation is best facilitated by placing a 
spherical cavity near the plate-like cavity or by roughen- 
ing its surface. 

Turning now from single crystals, with uniaxial aniso- 
tropy directed along the axis of a long needle or toroid, 
to arbitrarily shaped polycrystalline materials with arbi- 
trarily directed crystal axes of each grain with respect to 
its neighbors, we encounter two more sources of domain 
formation: sample geometry (previously discussed as a 
factor in directing dipole-dipole energy to domain forma- 
tion) and grain boundaries (essentially the same thing as 
sample geometry). The grains have dipole-dipole energies 
which depend not only on the magnetization in the grain 
but also on differences in its cOmponents compared to 
the components in adjacent grains. Important components 
are those normal to the boundaries. If these match be- 
tween grains, grain differences do not increase dipole- 
dipole energy. Even though surfaces and grain boundaries 
provide the dipole-dipole energies for domain formation, 
there is still the nucleation problem. Imperfections near 
or in grain boundaries are responsible for the local nuclea- 
tion fields. Once nucleated near a boundary, domains grow 
across the grains to form 180-deg walls which can be 
moved by small applied fields. In grains closely aligned 
with their neighboring grains, walls move more easily than 
in those less closely aligned. Coercive forces are thus 
lowered by orienting the grains With each other. Surface 
imperfections also nucleate reverse domains 

Provided that nucleation occurs, domains result from 
a minimization of the total energy which includes the 
contributions of 

@ spin-spin interaction 

@ dipole-dipole interaction 

e crystalline and strain anisotropy 
and a fourth contribution, from the essential variable for 
producing magnetization changes, 

e the applied field. 

These effects lead to domain formation if any of the fol 
lowing conditions are met: 

@ an external geometry other than a very long needle 
or toroid and sample dimensions all greater than R 

@ internal imperfections such as voids or inclusions of 
matter of different M 

@ grains with different crystal orientation 

e the preferred directions of crystalline or strain aniso 
tropy compete with the preference of the dipole-dipole 
interactions; e.g., the Christmas-tree patterns of Fig 

These conditions all lead to domain formation if there 
is crystalline or strain anisotropy. With no anisotropy the 
first two conditions favor magnetic curling and the last 
two have no effect. 

e Domain or curling configurations do not occur for 
ellipsoidal particles with or without anisotropy (crystalline 
or strain) when at least one axis is smaller than R 
(Thin films are a special case approximating ellipsoidal 
particles; domains should not occur in really good thin 
films. ) 

e Curling occurs only as unstable states in a magnetiza- 
tion reversal for very long needles or thin toroids (of any 
cross-sectoins small compared to the needle length or the 
toroid circumference) if the anisotropy everywhere is 
zero or is directed along the axis and there are no internal 
or surface imperfections 


e Domains occur only as an unstable state when the 





applied field at which domain walls are nucleated is suffi- 
ciently high in the reverse direction to sweep the walls 
across the specimen, reversing all the moments as they go. 

@e When neither domains nor curling occur as stable 
states, the applied field can only change the direction of 
magnetization of the material as a whole. 

When domains or curling do occur, the applied field can 
change the moment direction in one part of the material 
with respect to another. The magnetization and internal 
fields then vary from point to point in the material. 
For the curling case we carried through the analysis with 
some rigor. For domains we are guided by the general 


correspondence of the two cases. The magnetization 


process for curling was uncurling. For domains tt is 
primarily 180-deg domain wall motion. 

In the case of curling (see “Uncurling™) we discussed 
how in both the absence and presence of an applied field. 
as long as the moments were not completely aligned with 
the field, H (= B —4z M) was approximately zero. This 
is also approximately true for magnetization by 180-deg. 
wall motion. Within this approximation Eqs (49-57) de- 
scribe both uncurling and 180-deg domain wall motion. 
Because walls are not nucleated nor moved from imper- 
fections in infinitesimal fields, real materials deviate from 
this ideal behavior. It is these deviations which dis- 
tinguish One magnetic material from another. 


Hil. Magnetization Curves 


In real materials we cannot describe the magnetic be- 
havior in terms of the quantity H or the quantity B. These 
fields vary throughout a real material and we consider 
only their average value in some particular direction. 
the same is true for M, the component of M, in the field 
direction. Averaging is an extremely difficult mathematical 
process for any real material. However, in practice 
average quantities are those which are always measured, 
as in the standard setup of a toroid with a primary and 
secondary winding. The average value of the component 
of H along the toroid is proportional to the current in 
the primary. The time rate of change of the average value 
ot B along the toroid is correspondingly proportional to 
the voltage induced in the secondary winding. More 
precisely 


Hi average of Hl along the toroid In,7/101 (76) 


where i is in amperes, / is the mean circumference of the 
toroid in centimeters, and N,, is the total number of pri- 
mary turns. [By one vote at some conference the field H 
is measured in oersteds, but in view of its definition 
(H B — 47M) it would be as well to measure H 
in gauss, the electromagnetic unit of B.] 

The voltage induced in the secondary is (in volts) 


dB 
dt 


V.A 108 77) 
where A is the toroid cross section in sq cm, N, the number 
of secondary turns, and dB/dt is measured in gauss/sec. 
Thus 


B average of B along the toroid 


1 f 2 
Vdt + const: 8 
V4. nstant (78) 


(The integration constant can always be obtained by apply- 
ing a very large H first in one direction and then in the 
opposite.) The analysis is the same for two windings on 
the very long needle. 


Fig. 32—Result of standard 
toroid experiment for an 
“ideal” ferromagnetic ma- 
terial. 


By starting with a large current in the primary, reduc- 
ing it to zero, increasing in the reverse direction to the 
same large current, reducing to zero. increasing to the 
original value and so forth, we can obtain a = majo) 
hysteresis loop. We plot B, as obtained by secondary 
voltage integration, against H, as determined by the pri- 
mary current. If this experiment were carried out on an 
ideal ferromagnetic material the results would give Fig. 
32. On real ferromagnetic materials, the results are shown 
in Fig. 33. which illustrates the major hysteresis loops of 
some important ferromagnetic materials. 

Major loops are characterized by the maximum induc- 
tion, B,,,,. the residual induction, B,, the coercive force, 
H,, and some measure of the loop shape. Induction B,,,,, 
is not uniquely defined but equals 47M H where M 
is the intrinsic magnetization. If M Mf, in a field where 
H< aM,, we have Bray 47M,. Loops where H, is 
large typify “hard” magnetic materials: those where H, 
is small, “soft” magnetic materials. Special shapes such 
as “wasp-waisted” or extremely “rectangular” loops char- 
acterize specialty materials. 

A quite rectangular loop occurs when the nucleation 
field H, is in the reverse direction and its magnitude is 
greater than H,,, the threshold field necessary for irrever- 
sible domain wall motion. If B 47M, it means either 
that reverse domains are formed while H,, is still in the 
original direction, or there are preferred axes in other 
than the field direction. For the latter. as the field de- 
creases, the moments turn into the direction of the nearest 
preferred axis. This happens independent of nucleation as 
it is a uniform rotation of all the moments in a given 
grain. Reverse domains will form while H is decreasing 
but still positive, if there are imperfections which give 
local fields satisfying Eq (66) for H B.. > 40. 

Large remanences occur only if preferred axes lie close 
to the applied field direction. Small remanences occur 
only if all preferred axes lie nearly perpendicular to the 
applied field direction. The remanence in any grain is 
primarily determined by the cosine of the angle between 
the field and nearest preferred axis [See Eq (8)]. For a 
polycrystalline material the remanence is an Overall aver- 
age; e.g., random distribution of preferred uniaxial direc- 
tions gives B,/B,,., 0.5. 

Large coercive forces occur if the nucleation field H, 
is negative, and sufficiently large that the magnetization 
reverses by uniform rotation against unfavorable dipole- 
dipole interactions or curling against anisotropy torques. 

Small coercive forces occur if H,, is not large in the 
negative direction and at the same time H,,. is small. This 
is done by minimizing the effects of inclusions, cavities. 
grain boundaries, surface imperfections, and local strains 
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Fig. 33—Major hysteresis loops (upper halves) and virgin 
magnetization curves of (A) “pure” iron; (B) grain-oriented 
3 per cent silicon in iron; (C) 79Ni-15Fe-5SMo-0.5Mn; (D) 
grain-oriented with magnetic anneal 49Co-49Fe-2V; (E) cube 


which increase the total anisotropy in regions through 
which the 180-deg walls try to move. If the anisotropy 
is sufficiently low that curling occurs for small reversed 
fields, coercive forces wil! be small and the hysteresis 
loops rectangular 

Small coercive forces are Obtained by improvements 
in metallurgical practice which decrease the inclusions 
and cavities, increase the degree of grain alignment and 
remove local strains, yet leave sufficient imperfection to 
keep the reverse nucleation field small. Small coercive 
torces are also obtained by picking materials with low 
crystalline anisotropy and low miagnetostriction. Low 
crystalline anisotropy either makes nucleation easier, so 
that only slight imperfections are needed for domain 
creation, or else makes curling possible in low reversed 
fields. Low magnetostriction minimizes the impedance ot 
strain on both nucleation and wall motion 

Materials of intermediate coercive force are obtained 
by use of inclusions, cavities, local strains, and such 
imperfections coupled with high anisotropy and_ high 
magnetostriction. For instance, coercive forces are in- 
creased by increasing the number of nonmagnetic inclu- 
sions. On the other hand, high coercive forces are obtained 
by collections of magnetic inclusions in a nonmagnetic 
material. In the iirst case the inclusions prevent 180-deg 
wall motion; in the second, no 180-deg walls are formed. 
It is clear that a mixture of small magnetic and non- 
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textured SONi-S0F ¢ (EF) 45Co-25Ni-30Fe with SUPETUN POSE d 
uniaxial anisotropy from magnetic anneal; (G) “hard” 50Fe- 
25Co-14Ni-8AI-3Cu heat treated in magnetic field; (H) ferro 
magnetic oxide with Fe, Mn and Me 


magnetic particles is some sort of intermediate case and 
that a continuous transition can be made from a_ pure 
material with low coercive force to a hard magnetic 
material 


Virgin Magnetization 


The state of B Q is called the demagnetized state 
On a major hysteresis loop B, is never zero. This state 
can be obtained, however, by a number of field-changs 
sequences (going around the major loop is one sequenc: 
that will nor do the trick). A common method, called a-c 
demagnetization, is to apply an alternating field (alternat 
ing primary current) of sufficient initial amplitude to 
trace out the major hysteresis loop and then decrease the 
amplitude slowly to zero 
state, except for some rectangular-loop systems where the 


This results in a demagnetized 


demagnetized state is never stable 

If a specimen is first demagnetized and then subjected 
to an increasing d-c field, the resulting curve of B vs H 
is called a virgin magnetization curve. A generalized ex 
ample is Fig. 34. The virgin magnetization curve is 
characterized by the ratio 


B 


H 


The effective permeability is not generally constant. Fig 


the efTective permeability (.9) 


35. The initial permeability uv, is usually small compared to 
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rreversibie domain wall motior 


Virgin magnetization curve 


Dependence of effective permeability on induction 


the maximum effective permeability, p,,,,, Which generally 
occurs near the “knee” of the virgin magnetization curve. 
Though the details differ from one material to another, 
the general explanation of the virgin curve is as follows. 

Initial permeability is principally determined by revers- 
ible domain wall motions; that is, increasing the field 
increases the size of favorably oriented domains but with 
no sudden jumps in wall position. Sudden jumps occur 
when walls passing about imperfections suddenly break 
away from the inclusion. Figure 36 shows a wall moving 
past an inclusion. Until the wall breaks free of the in- 
clusion the wall motion is reversible. If the field is in- 
creased as in (A, B, C) and then reduced to its value 
in (A), the wall returns to its position in (A). If, however, 
the field is increased to its value in (D), returning the 
field to its (A) value will not restore the wall to its (A) 
position. 

There is also a slight contribution to initial permeability 
from slight rotations of the moments from the directions 
preferred by anisotropy. Slight rotations occur in small 
applied fields if the field is not coincident with the pre- 
ferred direction. There are cases where domain wall 
motion does not occur in small fields and the initial per- 
meability is then determined by these rotations 


Fig. 36—Movement of 180-deg wall past an inclu- 
sion: reversible at (B, C) but irreversible at (D). 
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Effective permeability increases rapidly near the thresh- 
old field H,,. If H,, were the same for every grain, the 
rise would be vertical, but generally there is a range of 
H,,, so that the rise, while steep, is not actually vertical. In 
this portion of the magnetization curve, B changes in 
finite jumps corresponding to the irreversible motions of 
individual 180-deg domain walls across the grains. 

Once all the 180-deg domain walls have swept through 
the grains, leaving them uniformly magnetized along a 
direction very close to the preferred direction, the mag- 
netization increases by rotation of the magnetization of 
each grain as a whole out of the preferred direction and 
into field directions. This process is governed by the 
crystal anisotropy. The knee of the virgin magnetization 
curve corresponds to completion of most of the 180-deg 
wall movement (Fig. 34). 

If the preferred crystal directions lie close to the field 
direction, B will be large when the 180-deg wall motion 
is completed. If all the grains are oriented in the field 
direction, the magnetization is saturated without rotation 
against anisotropy. If the preferred crystal directions 
are all perpendicular to the field direction, rotation against 
anisotropy is the governing process along the entire mag- 
netization curve. As discussed earlier for uniaxial strain 
anisotropy in spherical particles, if the field is perpen- 
dicular to the preferred direction the magnetization in- 
creases linearly with field. This gives a constant perme- 
ability. 


Minor Loops 


If after a-c demagnetization the field is increased to a 
certain value H, < H,,, and then reduced to zero, in- 
creased in the reverse direction to —H,, reduced to Zero, 
increased to +-H,, reduced to zero, and so on, a minor 
hysteresis loop is traversed. (Fig. 37). The tips of these 
minor hysteresis loops lie on the virgin curve. The reman- 
ence and coercive force of minor loops depend on B, 
and are less than in the major loop. A typical relation 
between H,,. and H, and between B,, and H, is shown in 
Fig. 38. The effective permeability describes the behavior 
of a transformer operating between +-H, and —H,, if 
the hysteresis is ignored. The loop area is specified as it 
represents the energy loss for each loop traversal. 

Power transformers are designed to operate somewhat 
above the maximum effective permeability. The loss for 
that minor loop is extremely important for economic 
reasons. In a power transformer it is desirable to operate 
at the highest inductions to minimize the cost of the 
magnetic core and its copper windings. Thus the higher 
the induction for which uz,,.,,. occurs the more useful the 
material. The best power-transformer core materials have 
high intrinsic magnetizations and the grains oriented so 
that almost all of the magnetization takes place by 180-deg 
domain wall motions. This results in p,,,, Occurring near 
saturation. Grain orientation also lowers the coercive force 
by minimizing the grain-boundary contributions to H,. 

Small-amplitude minor loops are utilized in transformers 
where fidelity is more important than core or copper costs. 


C 


y 
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Minor hysteresis loops: (A) unbiased, (B) biased 





Fig. 38—Coercive force and remanence in unbiased minor 
hysteresis loops vs peak excitation field, Hy < H 


The effective permeability of the minor loops of small 
amplitude about a demagnetized state is the initial per- 
meability. High initial permeability is important where 
high signal-to-noise ratios are desired. Hysteresis losses 
are important, not for the energy lost, but because of the 
higher harmonics generated as a result of hysteresis non- 
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linearities. If the amplitude of the minor loop is made 
small enough, there are no irreversible domain wall dis- 
placements and a major source of hysteresis loss is elimi- 
nated. In some materials the magnetization in each domain 
is made to lie perpendicular to the field direction by in- 
troducing a transverse anisotropy. In this case, the 
moments only rotate; there is no energy dissipated from 
domain wall motion, and the permeability remains constant 
up to fairly large amplitudes (determined by the trans- 
verse anisotropy). In most materials, there are walls which 
move in the range of initial permeability, but the motion 
is for the most part reversible. The motion of a wall is 
never completely reversible. Even though the wall appears 
to move smoothly and in principle each moment should 
make only slow continuous changes in direction, there 
are always sufficient atomic dislocations that some of the 
moments jump even though the wall seems to creep. The 
initial permeability range can be described as that of a 
ball rolling in a potential valley as in Fig. 39. The equa- 
tion of motion of a domain wall tied down to an imper- 
fection is the same as that of the ball in the valley. The 
force on the wall is proportional to the applied field and 
we can write 


Mz + Br +kr =H (80) 


where M is the “mass” of the wall, § is the frictional re- 
sistance to motion, and & is the restoring constant. For 
slow changes in H we can neglect the time derivatives 
(treated below). The stiffness constant k is proportional 
to the inverse of the initial permeability. The equilibrium 
position of the wall x 0, occurs for H 0. If the 
domain pattern is changed by increasing H above H,,, the 
threshold for irreversible changes, the equilibrium posi- 
tions of all the walls are changed. At any given field, say 
H,, walls will be trapped in the potential valleys such 
that for small changes of H in either direction the walls 
move accordingly to 


ky (a i H, (81) 


where k, is proportional to the inverse of the reversible 
permeability corresponding to H,. The values of k, de- 
pend on the domain configuration, hence on the history 
of how H, is reached. 

There are many applications where this reversible, or 
incremental permeability is important. The initial per- 
meability is a special case. It is often a practice to bias 
a transformer with a constant field H and superimpose 
an alternating field. If the alternating field is of small 
amplitude its effect will be described in terms of the 
incremental permeability. The factors influencing incre- 
mental permeability are the same as those that influence 
the initial permeability, namely, movement of imperfec- 
tion-trapped walls and magnetization rotations from pre 
ferred directions 


kig Y {nalogy 


near tunperfection 





IV. Time Effects in Soft Magnetic Materials 


Soft magnetic materials are important because they 
xermit easy changes in the state of magnetization. Both 
the rate as well as the amplitude of these changes are 
significant. Up to this point, we have assumed that fields 
are changed so slowly that any resultant readjustment of 
moments will take place before any further change in 
The question is how long is the time 
response of the 
relaxation 


relaxation 


the field occurs. 
vecessary to fulfill this condition. The 
field iS a 
times. A 


magnetic moments to a change in 
process, characterized by relaxation 

ne is the time necessary for a system to complete a cer- 
tain fraction of its total response to a step change in the 
condition. The relaxation times in ferromagnetism vary 


from transition times of electrons in the molecular field, 
tb 
(10*) 
at room tempera- 
over periods of 


are two majo! 


to relaxation times tor carbon diffusion 

re which affects the magnetization 
minutes. In soft magnetic materials there 
time effects: 

e time for the applied field to overcome the back field 
created by eddy currents and penetrate a conducting 
naterial 

© time for 
equilibrium position when the field at the wall is changed 

Eddy currents are governed primarily by the resistivity 
nd physical dimensions of the material. The response 
time of a wall depends in part on eddy currents, but also 
on imperfections. Both time effects result in decreasing 


with increasing dH/dt. In addition, they both con- 


a 180-deg domain wall to take up a new 


tribute to energy losses 


Eddy Currents 


When the field penetrates a conducting sample it does 
so only by dissipating energy as /R losses. If the material 
Ss a perfect conductor the field penetrates, and 

~. If the material is a perfect insulator, the field 
penetrates with approximately the velocity of light. 
dc or 10° sec for d 30 cm. Energy loss for a 


given penetration increases directly as the conductivity. It 


nevel 


the field does not increase at the same rate at all parts 
of a sample, the effective permeability decreases as it is 
n average of the net (lower when the 
field is lower) divided by the applied field (value is inde 


Magnetization 


Mechanical 
damping, 
moving 


fig 40 
spring with 
analogous to 
domain wall. 


pendent of its penetration). For a material operated 
in the initial permeability range, the magnetization at any 
point P is 

B(P) uo HT (P) (83 ) 
neglecting all magnetic losses. 

If this material is a conductor, H(P) will be less than 
H,, unless H, is held constant long enough for al! eddy 
currents to die. If H, is changing at some given rate. 
H(P) will be less than H, by an amount which increases 
with 

e rate of change of u,H 

@ distance of P from the surface of the material 

® conductivity of the material. 

[his phenomenon can be described by saying that the 
field H,, penetrates only to a given depth d,. That is, the 
effect averages out so that it is equivalent to a homogenous 
field H, penetrating only to an effective 
given by 


distance d, 


oa, 


lhe permeability enters because eddy currents are gen- 
erated by the rate of change of B, not H. As before, p is 
the resistivity of the material. The time 7 characterizes 
the rate of increase of this applied field. If, for instance, 
H H,, sin wt, then 1 2/w. The permeability then de- 
creases as given by 


// 
H 


Hes 


where d is the sample thickness. The factor appears 


because the penetration is from both sides. For 2 d, > d, 
Pett u,. Eddy current losses cannot be calculated inde- 
pendent of other energy Even if eddy currents 
were the only losses the problem is extremely difficult 


losses 


Energy Loss in Magnetic Systems 

Che essential features of energy loss can be seen by 
considering a spring suspended from the 
damped with oil pots (Fig. 40). If we pull the spring 
down through a distance x, we will do an amount of work 
given by kx," where & is the spring constant and will 
supply any energy dissipated as heat by the dampers. If 
we stretch the spring slowly enough there will be negligible 
energy dissipated as heat. To determine how slow is slow 
enough we need to know a coefficient of friction. If the 
damper back force depends on the velocity, we can write 

Frerict Br (86) 

If the time to stretch the spring a distance 
work is 


ceiling and 


so that by slow enough we mean _ that 


28 

k 
Suppose instead we place a weight (constant force) 
on the spring and let it go. If the weight exerts a force 
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equal to kx,, the final equilibrium position will be x,, and 
the energy stored in this spring will be kx,*/2, as betore. 
However, there will also be work done against the damper 
friction. The energy dissipated in the damper is com- 
pletely independent of the damping coefficient and it is 
just equal to the work done against the elastic forces. 
If the damping is low, the weight will oscillate about x, 
with an amplitude equal to x,, and a maximum kinetic 
energy of kx,*/2. This energy of oscillation slowly gets 
converted into heat. If the damping is high, the force 
on the spring is 

kr ku Br (89) 
where kx, is the force from the weight and kx is the 
back force from the spring. The work done against the 
friction force is 

aT 


W tcter Sod r ku (90) 


which is, of course, in addition to the work stored in the 
spring. There will be energy dissipated as heat whenever 
the applied force F,, acting on the spring at any position 
is different from F,,,, the slowly applied force sufficient to 
stretch the spring that amount without frictional losses 
That is 


a} ae : (91) 


Let us now apply this reasoning to a long (B H) 
oriented single crystal with uniaxial anisotropy. Let a field 
be applied in the anisotropy direction and let reversal 
occur by motion of a single domain wall nucleated at one 
edge. If a reversed field just slightly greater than H,, is 
applied, the wall is nucleated and sweeps across the crystal, 
reversing the magnetization completely. If the field is 
then decreased to zero, increased to slightly greater than 
H,, in the opposite direction, and so on, the process is 
described by a rectangular hysteresis loop, Fig. 41A. 
Consider the same process, except that once H,, is ex- 
ceeded we reduce the applied field H, to halt the growth 
of the reverse domain, and then let the wall move across 
the crystal in a field such that the wall is held in equilib- 
rium as it moves (i.e., moves with essentially zero veloc- 
ity). This process can be considered reversible. As the wall 
moves, the field which holds it in equilibrium would have 
to be positive for some part of the motion and negative 
for others (pushing uphill and holding back downhill). 
The equilibrium field H,,. depends on the position of the 
wall which in turn determines the net magnetization of 
the sample (Fig. 41B). In the rectangular hysteresis loop 
the loss of energy occurs because the applied field, being 
greater than the equilibrium field, exerts a force on the 
wall causing it to move with a finite velocity. If there is 
friction, the wall will lose energy as heat. If the friction 
is high and the wall inertia negligible, the friction force 
balances the driving force, that is 

I H I; 3 (92) 














Fig. 41—(A) Irreversible loop for moving domain wall; 
reversible loop for a domain wall held in equilibrium 
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where v is wall velocity, 8 a coefficient of magnetic fric- 
tion. 

To relate this to energy loss we must consider the in- 
dividual moments. The energy of a moment in local field 
is 

uM m.B (93) 
If the B,,..,, is held fixed and m changed, the change in 
energy is 

dvi B - dm (91) 
of magnetization Mo 
di B - dM, | (95) 
[The energy change depends only on the change of the 
component of M,, in the direction of B Therefore 

dv Bioear dM V (96) 
If the net magnetization in the B direction is to increase an 
amount dM, the magnetic-energy decrease must be lost 
as heat, so 


for a volume V, 


AW ost B dit (97) 
For a moving wall the local field acting on the moments 
as they rotate in the wall is 
B I } se (95) 
inasmuch as H,,, accounts for the contribution to B 
of all moments not rotating in phase with the one con- 
sidered. From Eqs (98, 97) the energy lost in one cycle 
around a hysteresis loop is 
AWiose = (fH (MW) — Meg (WD) dM) V (99) 
As there is no hysteresis in the equilibrium loop, that is 
£ H.g(M) dM () (100) 
it follows 
AW ious f UW, (CM) AM) VY Searea of loop) « | (10) 
In terms of Eq (92) we can write Eq (101) as 
Hi f Br (MW) dM (102) 
In general we have many walls moving with different 
velocities in various parts of the material, so that it 
would be more suitable to choose small volume elements 
and write 


Wie f f bv (MV) dM Jd) 


ver the 
amy 
When a 180-deg wall passes through the region dV, the 
change in magnetization of that 
we write 


region is 2M. Thus 


SW host 2n (V) Me (V)| dt (101 


Where n(V) is the number of walls which pass through 
a region, dV, with a velocity v (V) 
cycle. If n 


during one complete 
we can define an average wall velocity as 


r(b) dt iM 


(10 
dt Vest 


For the loop traversed with infinitesimal increases in // 
the d-c loop, we write 
iM 


lt) 
1VWsh ’ 


For loops traversed in a time ¢ the walls must move 
distance 2 1/N where N is the number of walls that move 
and / is distance across the material perpendicular to the 
walls. Therefore the average wall velocity must at least 
equal 2//Ni. During long cycle periods the walls move 
with velocity v,; for short cycles at least as fast as 2//.N1 
One might suppose that the average velocity depended on 
t (as shown in Fig. 42A) in which case the energy lost 
per cycle would be given in Fig. 42B. 

This analysis is exceedingly rough. Any discussion ot 
averages is dependent on how the averages are taken 
The parameters multiplying the energy loss and the tre- 


quency in Fig. 42B are not necessarily constants. The 





number of walls in motion is probably quite sensitive to 
the cycle frequency and amplitude. The friction has been 
assumed linear with wall velocity; this is not necessarily 
so, in which case 8 would not be a constant with increas- 
ing driving field. Nevertheless, we can carry the analysis 
one step further by examining the friction coefficient 8 
in Eq (105) rewritten 


AW toss per cycle = 4MV Be 
The friction coefficient 8 can be expressed as 


B 8.+8,+8 (108) 


where the subscripts denote effect of eddy currents (e), 
relaxation of moments in the wall (r), and all other con- 
tributing factors (x). The form £8, can be derived for 
certain wall shapes. It will depend, for instance, on the 
degree to which the wall deviates from a flat plane. One 
particular equation for 8, (in gauss-sec/cm) is 


in(2M)d 


(i 4+Z) p10 (109) 


where d is the sample thickness in cm, p is in ohm-cm, 
Z is a factor of wall curvature (0 for a flat wall). 
If 8, is the dominant contributor, Eq (107) becomes 
2d 


uu ; (in) 


(+ Z)p* lo cae? 


If at high frequency 


ae (111) 
\ 


then the loss per cycle at high frequencies would take 
the form 
tid 


4 Uru)? 
(in)? 5 


GQ aZ)e°l0 (112) 


Thus the high frequency loss depends on the resistivity 
and N/I/, the number of walls per unit length measured 
perpendicular to the applied field in the plane of the 
sample of thickness d. 

Contributions to 8, involve the spin angular momentum 
of the electron. If the local field acting on the electron 
dipole moment is suddenly changed, the moment does not 
rotate into the field direction, but rather acts like a gyro- 
scope and precesses about that direction. The moment 
only aligns with the field after it dissipates its preces- 
sional energy. The energy dissipation may occur as fol- 
lows. If the distance between two electrons is changed, the 
strength of the spin-spin interaction is changed. Con- 
versely, if the strength of the spin-spin interaction is 
changed, the result is a displacement of the atoms to 
which the spins belong. A change in atomic distance can 
generate a thermal wave in the atomic lattice. Spin-spin 


Fig. 42—Frequency dependence of (A) average wall velocity, v; 
(B) energy loss per cycle 
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interaction changes occur when two neighboring moments 
change their relative orientation. Unless all local moments 
precess together, they will continuously change their 
orientations and generate thermal waves in the lattice. In 
materials of very low conductivity, 8, is the dominant 
factor in energy loss. 

The angular momentum considered here gives an inertia 
to magnetization changes. When the inertia is considered, 
it is possible to have resonance effects, and indeed reson- 
ances do occur at frequencies which depend on the local 
field and also on the anisotropy. The anisotropy enters 
because the precessional motion takes the moment through 
various Orientations with the crystal lattice. The energy 
loss for each moment depends on a complicated effective 
local field which considers this anisotropy contribution 

a (113) 
Resonances occur at frequencies given by 


AV 2 m Biocai eft 


ae 
h h — 


where /: is Planck’s constant. Energy losses become ap- 
preciable above the megacycle range, then decrease at 
much higher frequencies where there are nO Byooa) ere’S 
sufficiently large for resonance. 

A specific example of wall-friction effect is the calcula- 
tion of initial susceptibility* as a function of frequency 
for an oscillating wall which never breaks out of the 
potential barrier of a local imperfection. If the wall is 
stable at a position x= 0, it will move a distance x on 
the application of a field H,,, such that 


(115) 


where y,, is the initial susceptibility for zero frequency and 
k includes the wall area and magnetic moment per unit 
volume, so that the change in kx is equal to the change in 
the net magnetization of the material. If the wall is 
damped, then 

kr 


: Fas i H =H Br 


(116) 


If H, varies sinusoidally, we can apply the well known 

equation for a heavily damped harmonic oscillator with 

forced oscillations: 

kr dz 
3 


A 
Hl, cos al + { 
X dt 


(117) 


The solution for x is 
kx ? 

sin wl (118) 
) 3 


(k Xo) 


s (k /* 
Hi 
Only the wall motion in phase with the applied field will 
store energy in the system; the out-of-phase component 
of the wall motion dissipates energy. The energy lost per 
cycle is just 
\v f CU HT...) AM 
X) (R/X) wBH, 
2 (k/Xo) 


and the susceptibility is 


f BrdM 


(119) 


kx 
heuer (120) 
(k/Xo)? + w?8 
The susceptibility and the energy loss per cycle are shown 
in Fig. 43 as a function of o. 


Conclusions Concerning Time Effects 

The time effects in soft magnetic materials are not 
eliminated even by taking an infinite time to traverse a 
hysteresis loop. If the field is increased an infinitesimal 
amount above that necessary to start an irreversible wall 


*Susceptibilit s given by dW/dH and s relate to the vermeability by 
Mm 1 + 4x 
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Fig. 43—Frequency dependence of susceptibility, power loss. 


motion, the behavior of the material from then on de- 
pends on the velocity of the wall set in motion. As that 
wall moves it changes the fields acting on all other walls 
and these will also move: some one direction, some an- 
other, some reversibly, some irreversibly. The change in 
magnetization for that infinitesimal increase in H depends 
on the relative motions of all the walls and their actions 
on each other. The energy loss in a d-c hysteresis loop 
can be increased for a particular sample merely by placing 
a piece of copper near the sample. The walls which move 
irreversibly will dissipate some energy in the copper which 
might otherwise have been stored in the reversible motion 
of other walls. 

It is impossible to make a clear separation of losses 
into hysteresis loss and, say, eddy current loss, though for 
compiling engineering tables it is convenient to try to 
do this. Typical is the loss equation for low amplitudes 
given by 
AW ios ‘ Wu ‘ard ere ee + W, 
which is written as 


(121) 


= a aB +ef +e (122) 
where B is the maximum induction in the loop, f the fre- 
quency, and a, e and c empirical constants determined 
by fitting this equation to data. The fit is reasonable at 
high frequencies, but interpretation of the constants is 
obscure. At low frequencies and high induction a better 
fit is obtained with 


AW 


aB-os (123) 


V. Effects of Atomic 


If the composition of a homogeneous alloy is broadly 
near 50-50 or 25-75 in atomic per cent, there is usually a 
tendency of the atoms to form an ordered structure of 
the type AB or AB., of which examples are shown in Fig 
44. Ordering is generally undesirable in soft magnetic 
materials; it lowers the resistivity and generally increases 
the brittleness. Magnetically, ordering would not neces- 
sarily be undesirable if it were complete, but any material 
is at best only close to perfectly ordered. The regions 
where order is not perfect can then be looked on as 
inclusions of a different material. On the other hand, if an 
attempt to suppress ordering is not completely successful, 
the ordered regions then become inclusions. Ordering can 
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The second term in Eq (122) is somewhat related to 
Eq (112). High frequency losses are reduced by increas- 
ing the resistivity of the material or decreasing at least one 
of its dimensions, such as making thin sheets or using 
small particles but not so small as to prevent wall nuclea- 
tion. The more particles per unit length of material, the 
greater N// will be and therefore the less the loss. In the 
limit where wall thickness approaches particle diameter, 
all moments rotate at the same time (with different 
phases) and magnetization reversal time is a minimum. 

At very high frequencies the domain wall process 
eventually requires more energy than uniform rotation of 
the magnetization or the curling process. In the latter 
case all the moments rotate in unison rather than in 
groups of the order of the domain wall thickness. Either 
curling or uniform rotation can be faster than wall motion 
by a factor on the order of 


Speed of curling ! 
Speed wall motion V6 


(124) 


where N is the number of walls in a length / and 6 is the 
average wall thickness. (For the small spherical particles 
discussed above this ratio is of the order of unity). Uni- 
form rotation and curling both are slow-starting processes 
when the field is applied opposite to the moment direction. 
Even though this moment position is unstable, if the field 
is sufficient to overcome the anisotropy, the torque on 
the moments is zero. Reversal does not take place then 
until a thermal fluctuation starts the process. This is over- 
come if initially the field is “angled.” A practical method 
of obtaining fast reversal in the rotation process is to 
apply a transverse field pulse in addition to the reverse 
field. In the curling case a circular field is applied by 
passing a current pulse along the curling axis to initiate 
reversal. Such considerations are important in high speed 
computers. 

In summary, the permeability decreases with increasing 
frequency for two reasons: 

e If the material is a conductor the field penetrates 
less and less, reducing the effective volume of the mate- 
rial. This is roughly described by Eq (85). 

e Even if the material is thin enough for complete 
penetration, wall friction causes the wall movements to 
lag further and further behind the driving field, as roughly 
described by Eq (120). 

The general requirements for low loss are: 

e low values of H,,, the nucleation field for domain walls 

e low values of H,,, threshold field for domain wall 

motion 

high resistivity 

small dimensions in at least one direction 
large numbers of walls 


Ordering in Alloys 


generally be completely suppressed by adding a sufficient 
amount of a third element and by proper heat treatment 

The tendency to order plus the application of a mag 
netic field during annealing can lead to interesting and 
useful effects on the anisotropy. If the annealing tempera 
ture is above the temperature at which atomic ordering 
occurs, the presence of the field for some reason induces 
local changes in the anisotropy—-perhaps due to varying 
degrees of atomic order in different directions; e.g., 1 
there were more B-B pairs formed along a_ particular 
direction than along other directions. The anneal in a 
magnetic field results in a uniaxial anisotropy superim 
posed upon the usual crystalline anisotropy. The direction 


135 





atonuc Ooraering 


of the uniaxial anisotropy is controlled by the magnetic 
field applied during the annealing process. Such aniso 
tropy is useful for producing rectangular loops and de- 
creasing coercive force, if the material is then used with 
the uniaxial direction aligned with the field. If the material 
is used with the field perpendicular to the uniaxial direc- 
tion, the result is a constant-permeability material. The 
wasp-waisted loops result from a superposition of uniaxial 
anisotropy on the crystalline anisotropy. 

Anisotropy can also be induced in materials which have 

tendency to order by giving a finished material a plastic 


VI. Interactions for 
Sott magnetic metals are seldom used as solid homo- 
geneous materials. In order to decrease losses it is com- 
mon practice to use thin strips, thin sheets, or small par 
ticles insulated from one another. If the magnetization lies 
in the plane of the thin strips or sheets, there is no ap- 
preciable interaction between the sheets and the only 
difference between a single sheet and a stack of sheets is 
the decrease in total moment per unit volume due to the 
insulation thickness. Small particles however, are quite 
sensitive to the distribution of the surrounding particles 
If spherical particles are homogeneously arrayed in a 
matrix, the field acting on any one particle depends on 
the shape of the entire collection. We consider the average 
magnetization of the collection, M PM,, where M, is 
the magnetization of the individual sphere and P is the 
volume packing fraction. Each sphere as a whole, and 
therefore each moment in the sphere (if the sphere is 
uniformly magnetized), sees a field 
B Ix (1 


DPM (125) 


Where the first two terms are equal to the average field 
inside the collection. The last term is the contribution to 
the field inside a sphere from the sphere itself. In order 
that a sphere be uniformly magnetized, see Eq (49), the 
local field must be 47M,/3, ignoring a small effect from 
hysteresis within the sphere. Therefore, to magnetize the 
collection of spheres uniformly, the applied field must be 
B, ir VC P + DP) (126) 
This effect will govern the magnetization process if B,, is 
large compared to H,, the coercive force of an individual 
particle. The permeability as given in Eq (57) becomes 
l 
I P+ DP 
The collection acts as a homogeneous body with an effec- 
tive demagnetizing factor D, | P DP when 
placed in an applied field. 


u (127) 
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deformation such as occurs in light rolling. This may be 
an effect of strain or perhaps the plastic deformation takes 
place by planes of atoms sliding with respect to each 
other with the slide stopping more often with B-B pairs 
formed between the sliding sheets than is probable from 
statistical considerations. In any case the light rolling gives 
effects similar to those obtained by magnetic anneal. The 
whole question of the cause of these effects and their re- 
lation to order is still in doubt; nevertheless it is certain 
that materials which show ordering tendencies generally 
show such effects 


Heterogeneous Systems 


The best permanent magnet materials are essentially 
collections of particles so small that domains are not 
nucleated. The use of such particles entails arranging them 
in some matrix. If the particles are spherical, deriving thei 
coercive forces from high anisotropy, they are not affected 
by their mutual interactions other than through the effect 
of the overall geometry of the aggregation. 

In the magnetization reversal of a collection of single- 
domain spheres. the spheres act as individual moments 
rotating in an applied field. As the moment of each sphere 
rotates, the dipole-dipole interactions between the spheres 
will cause the magnetic moments of the spheres as a whole 
to form a curling pattern to minimize the dipole-dipole 
energy. There is no coercive force associated with such a 
curling process as it involves no anisotropy and no spin- 
spin interactions. Therefore the intrinsic coercive force is 
determined solely by the anisotropy within the spheres 
though the actual coercive force also depends on the effec- 
tive density. 

For a collection of needles deriving their coercive force 
from shape anisotropy. the particle interactions play an 
essential role in determining the coercive force. The source 
of the coercive force in a single elongated particle or 
needle is the preference of dipole-dipole interactions to 
point along the needle so that as many dipoles as possible 
point end to end. If the needles are packed together the 
moments can point across the needles, lining up with 
moments pointing crosswise in adjacent needles with little 
increase in dipole-dipole energy. This effect can be de- 
scribed roughly as being linearly dependent on the volume 
packing fraction, P. Thus 
iH. (1 — P) (128 
where ,H,, is the intrinsic coercive force of an individual 
particle. 


iH. (shape anisotropy) 


*Intrinsic coer ve force the reversed field sufficient to reduce M to 
zero, while the actual er e fe _ & is the reversed field sufficient to reduce 
B to zero. The smaller ‘ ective magnetizatio the lower the actual coercive 
force 
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VII. Magnetic Materials of the Present and Future 


In discussing the usefulness of magnetic materials it is 
essential to realize that comparisons of various materials 
are more likely to be economic than physical. In soft 
magnetic materials, larger amounts of material can com- 
pensate for lower permeability of a given soft material; 
in a permanent magnet material, for a lower energy prod- 
uct per pound. Losses are major factors in the economics 
of power transmission and conversion. In communica- 
tions and electronics applications losses may be important 
only where they contribute to harmonic generation. The 
economics become secondary only in such specialty 
materials as those required for constant permeability. a 
rectangular loop shape, or a particular dependence of the 
properties on frequency. Whether or not size considera- 
tions are just a matter of economics might be debated. 
Most commercial magnetic metals contain iron, which is 
inexpensive; the cost depends on the additives and the 
metallurgical treatment used to obtain the final product. 
Cobalt and nickel cost roughly 10 and 20 times as much 
per pound as iron. 


Iron 


Inasmuch as iron is cheap and has just about the highest 
saturation magnetization (exceeded only by addition of 
expensive cobalt), it should be an ideal material. Iron can 
be produced in a form where it has a permeability prac- 
tically as high as any material yet uncovered and losses 
can be made extremely small. If iron is made in small 
spherical particles, it maintains high permeability to high 
frequencies. If iron is made in extremely small elongated 
particles, it can come quite close to matching the best 
permanent magnet materials. The best properties of iron 
yet obtained are given in Table IV. However, developing 
these properties can be a costly process 

Obtaining extremely high permeability in iron is strictly 
a problem of metallurgical purification, starting with 
electrolytic iron and removing interstitial elements by heat 
treating within 100 C of the melting point (1540 C) in a 
continuous stream of highly purified, but moist hydrogen 
The material is again annealed just below the a-y trans- 
formation temperature (910 C) to relieve mechanical 
strains induced by cooling through the transformation 
temperature. The high rate of diffusion in body-centered- 
cubic metals helps the purification and the strain relief. 
[he properties can be still further improved by converting 
the material to an oriented single crystal by the so-called 
“strain and anneal” method. 

For power transformers, where losses are of prime 
economic significance, iron has the disadvantage of low 
resistivity (characteristic of pure metals compared to 
alloys). Thus iron must be used in thinner sheets or strips 
than would a material of higher resistivity. The economics 
of power transformers obviously involves a balance 
between power losses, initial cost of the transformer, 
and transformer life. The chosen operating point for most 
power transformers indicates that these factors are closely 
balanced. Considerations of transformer noise, geographi- 
cal location, etc. can also influence the economics of the 
operating point. 

Spherical iron particles for high frequency work are 
obtained by chemical decomposition of iron carbonyl, 
and then “potting” in a low-loss dielectric. These par- 
ticles have the advantages of low losses because of small 
diameters and a large number of walls per unit distance. 

Fine elongated particles of iron for permanent magnets 
are obtained by electrodeposition either from mercury or 
an aqueous solution. Such particles are pyrophoric as 
prepared and must be kept away from oxygen, adding to 
the cost of processing the particles into a suitable matrix, 
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either metallic or organic. Since high coercive force is 
due to dipole-dipole interaction, there is a sacrifice in 
coercive force on packing the particles to get higher 
induction. 

For applications where a magnetic material must meet 
no particularly exacting requirements other than that it 
be inexpensive, some commercial grade of iron is usually 
chosen. Properties of a typical magnet iron are included 
in Table IV. Such iron is unsurpassed in flux per dollar. 


Silicon-Iron 


The addition of silicon to iron produces a material of 
higher resistivity with relatively little loss in induction. 
The resistivity increases almost linearly with the addition 
of silicon. A 6 per cent addition by weight of silicon to 
iron increases the resistivity by a factor of 8. The induc- 
tion drops linearly but changes only by simple dilution; 
i.e., the saturation magnetization decreases one per cent 
for each weight per cent of silicon. Strain effects are de- 
creased by silicon addition because the magnetostriction 
decreases, going to zero at 6'2 per cent silicon. The an- 
isotropy also decreases linearly as if it were to go to zero 
near 812 per cent; actually however, the rate of decrease 
drops off and the anisotropy doesn’t go to zero until 15 
per cent. The anisotropy decrease reduces the coercivity 
contribution of inclusions. However, the low loss in iron- 
silicon alloys results largely from refinements in metal- 
lurgical techniques over the 50 years these alloys have 
been commercially dominant 


Table 1V—Magnetic Properties of Iron 





Optimum 
Intrinsic Properties Iron material 
Flux-carrying ability 
Saturation magnet 
ization (47M)) in 
gauss 21,600 24.600 (1) 
High temperature 
limit Curie temper 


ature T. in deg C 1,100 (2) 





Structure sensitive Pure Low Best 
properties as a soft iron cost commercial 
material {laboratory ) iron material 


Initial permeability 


uy in gauss oersteds 25.000 200 90 ,000 
Maximum effective 
permeability u in 


gauss oersteds 


300 ,000 500 ,000 ( 
1,200 ,000* 5,000 100 ,000 
Bat u in gauss 7,500 4.000 (: 
17 ,500* ,000 19,000 (: 
0.005 
0.2 


H.. for u loop 0.01 y 





Structure sensitive Fine particle 
properties as a hard iron 
material 


1 per cent Best 

carbon commercial 
(laboratory ) steel material 
Maximum energy 
product in gauss 
oersteds 6,000,000 200 ,000 11,000,000 (5 
B at maximum 


energy 8,000 9,000 


9,000 (5 


Highest intrinsic 
coercive force ;H. 


2,000 (6) 

2,000 50 4,300 (7) 

* Single crystal (1 50Fe—50Co (2) Co (3) 79Ni—15Fe—5Mo— 

0.5Mn (4) 49Fe—49Co—2V (5) 35.5Fe—34Co—14.5Ni—7Al—STi—4Cu 
(6) BaO—6FeeO, (7) 76.7Pt—23.3Co 
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Fig. 45—-Texture in rolled sheets: (A) grain orientation, cube- 
on-edge texture; (B) cube texture. 


The 642 per cent Si-Fe alloy with low anisotropy and 
zero magnetostriction plus high resistivity and high satura- 
tion has the best overall collection of intrinsic properties of 
any known material. Despite this, commercial materials 
all have less than 5 per cent Si, because silicon decreases 
ductility. The more silicon, the more difficult it becomes 
to roll the material into the sheet or strip form necessary 
to reduce energy losses. This problem is not intrinsic, but 
rather a limitation of present metallurgical knowledge. 
Future developments in raising the silicon level while 
maintaining ductility are likely to be of great commercial 
value. A goal of the future should be 6'2 per cent silicon- 
iron with ductility. 

Of major consequence has been the development of 
grain orientation in silicon iron. By particular cycles of 
cold-rolling followed by annealing, the grains all become 
oriented with their crystal axes lying closely parallel to 
one another, Fig. 45. The crystal axes lying parallel or 
nearly parallel to the rolling direction are those preferred 
by the crystalline anisotropy. Thus, at the small values of 
the fields H, and H,, for which wall motion is complete, 
the material is very nearly saturated. This means a sub- 
stantial increase in the induction at ,,,,,. At the same time 
this orientation results in a decrease in both H,, and H.,,. 

The effect of grain orientation is achieved commercially 
only for 3% per cent silicon-iron, but higher silicon 
contents are promised as better understanding of this 
texture effect is gained. The texture of 314 Si-Fe is such 
that the rolling direction is a preferred direction, but 
the crosswise direction is not. (See Fig. 45A.) This makes 
grain orientation unsuitable for improving the properties 
of transformer laminations stamped out of the sheet and 
carrying flux in the unfavorable direction. Recently, how- 
ever, changes in the metallurgical treatment of the 3% 
per cent alloy have led to the development of a texture 
where the grains are oriented with both the roll direction 
and the cross direction close to preferred directions; this 
is known as cube texture (Fig. 45B). 

Iron-silicon alloys can be made with as high permea- 
bility as any known material, but to push the permeability 
above that of the present commercial product is expensive. 
Where maximum permeability is desired, but magnitude of 
induction is not critical, it often becomes economical to 
turn to other alloys. 


Iron-Nickel Alloys 

There are regions of composition in the iron-nickel alloy 
system where very high values of the initial and maximum 
permeability are obtained. These alloys are known as 
permalloys. These properties are in part due to the ease 
with which these alloys can be purified. Some of the 
intrinsic properties of the iron-nickel alloys are shown in 


Fig. 46. Two regions are of particular interest—the 
50 per cent region because the induction is at a maximum 
and the 80 per cent region, because the magnetostriction 
and the anisotropy both go to zero. 
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The 50 per cent composition is useful because it has, 
in addition to a higher magnetization, a higher resistivity, 
an ease of purification, and a minimum amount of nickel 
per unit magnetic moment. It also possesses ductility, a 
tendency to form cube texture, and its anisotropy responds 
to magnetic anneal. Annealing in a magnetic field leads 
to the superposition of a uniaxial anisotropy upon the 
usual crystalline anisotropy. The result is that rectangular 
hysteresis loops are obtained as the uniaxial direction is 
fixed in all the grains by the magnetic anneal direction. 
It is possible to produce a uniaxial anisotropy perpen- 
dicular to the rolling direction. The material is rolled and 
then annealed so that cube texture occurs. The material 
is then rolled some more and this creates a uniaxial strain 
anisotropy across the rolling direction. The material is 
used with the field applied along the roll direction. The 
moments rotate out of the perpendicular direction, giving 
a constant permeability as explained previously. 

The alloys near 80 per cent nickel have the highest 
permeabilities, lowest coercive forces, and lowest losses 
of any commercial materials, but only about 40 per cent 
of the intrinsic magnetization of iron. The properties of 
the 80-20 nickel-iron alloys are remarkably improved by 
the addition of molybdenum. The composition 79Ni-15 
Fe-SMo-'2 Mn results in the highest permeability, lowest 
coercive force of any commercially produced material. 
The addition of Mo was originally to raise the resistivity, 
which is tripled at 4 per cent Mo. More important was the 
resulting simplification of heat treatment, presumably due 
to suppressing of the ordering tendency of the nickel and 
iron atoms. It seems also to aid in the purification of the 
material. Finally, Mo does not seem to increase \ or K, 
and may even decrease one or the other. 

Powdered Ni-Fe-Mo is extensively used for high-fre- 
quency work. Though mechanical powdering does not 
produce as small particles as the carbonyl process, the 
resistivity is six times that of iron and the permeability 
superior up to the megacycle range. 

Improvements in rolling thin tapes of Ni-Fe-Mo alloys 
are continually pushing upward the frequency limits of 
usability of tapewound toroids. Commercial tapes 30 
microns thick are available and can be insulated with 
thicknesses of several microns. The limit of development 
does not appear to have been reached. 


Per cent Ni in Fe 
Fig. 46—Properties of face-centered-cubic iron-nickel alloys 


vs nickel content. All properties except the Curie temperature 
are at 20 C. 
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Iron-Cobalt 


Where high flux density is the most important economic 
consideration, the addition of cobalt to iron gives the 
most improvement. The improvement is a maximum in a 
50-50 alloy, but 35 per cent cobalt provides a very 
suitable compromise between the increase in moment 
with cobalt content (very slight between 35 and 50 
per cent Co) and the increase in cost. The 50-50 alloy 
with the addition of 2 per cent vanadium is a considerable 
improvement over the straight 50-50 alloy in everything 
except maximum induction. A 2 per cent decrease in 
maximum induction is compensated by a substantial im- 
provement in ductility, an increase in resistivity by a factor 
of three, and a notable decrease in coercive force. This 
material responds to magnetic anneal, giving a uniaxial 
anisotropy which results in a rectangular loop with ex- 
tremely high remanence. The vanadium also reduces the 
tendency of the alloy to order; to what extent this accounts 
for some of the desirable properties of this alloy is not 
certain. 


0. K 0 

In both the iron-silicon alloys and in the iron-nickel 
alloys, there is a composition where the magnetostriction 
constant d 0 and another where the anisotropy constant 
K 0. These compositions are close enough together 
that one might hope to find a third element which when 
added to either system could make both A O and K 0 
for the same composition. The search for such an alloy 
is illustrated by the iron-silicon-aluminum system (Fig. 
47). The material with 912 per cent silicon and 5% per 
cent aluminum by weight has a very high permeability as 
a consequence of d 0, K 0. Magnetization should 
occur in such a material by means of curling. This alloy 
also has a high resistivity. Unfortunately the material is 
extremely brittle so that it cannot be cold rolled. If this 
material can be made ductile, it may become an economi- 
cally important material. Incidentally, this material was 
not discovered by the analytical approach presented above, 
but by comparing the properties of hundreds of alloys 
taken at random. 

One might suspect that 5 Mo in the 80 nickel-iron 
alloy derives its exceptional properties from the combina- 
tion A O, K 0, but a survey of the literature re- 
vealed no information on this point. The only other known 
place where A 0, K 0 might occur is in ternary alloys 
with a nickel-rich nickel-manganese base. In these alloys 
there are complications of atomic order-disorder changes 


Materials with \ 


A 
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O 12 


Ratio of Si to Fe 


Fig. 47—Variation of anisotropy constant, K, and magneto- 
striction constant, \, with Al content in Si-Fe alloys. 


MARCH 1959 


and competition between both ferromagnetic and anti- 
ferromagnetic spin-spin interactions. All these effects could 
be juggled to give unusual behaviors. 


Ferrites 

Iron oxides have the obvious advantage of negligible 
electrical conductivity. The losses must all arise from the 
frictional term [8, in Eq (108)] associated with individual 
rotations of moments through finite angles. As a domain 
wall moves, the moments do not rotate continuously unless 
a material is mechanically perfect in its atomic arrange- 
ment. Atomically, commercial ferrites are a mess. As a 
wall moves, each moment that rotates needs another to 
rotate into its previous position. With wide variation in 
composition and degree of ordering of atoms between the, 
A and B sites, a moment very often is missing or has the 
wrong value in ferrites. 

Very pure oxides, ferrites and garnets have been made, 
but not commercially. In the pure oxides moderately high 
permeabilities are obtained, but at intermediate induc- 
tions. Technically, oxides do not come into their own until: 
frequencies of the order of megacycles are reached. Their 
usefulness is by default of the conducting materials. In 
the range of thousands of megacycles, various resonance 
phenomena are utilized in non-linear devices for amplifica- 
tion, reflection, absorption or rotation of electromagnetic 
waves. For information storage and communication at 
very high frequencies, as in computers, the oxides are 
especially promising, challenged only by the technological 
possibilities of ultra-thin metallic films with thicknesses 
less than the critical radii for domain formation 


Permanent Magnet Materials 


The basic ingredients of the best permanent magnets 
are fine particles and anisotropy. There are two approaches 
to the production of fine particles with high anisotropy 
One is to deliberately make individual fine particles and 
compact them for optimum performance. The other is 
to start with an alloy and heat treat it to produce an 
internal multiphase structure of which at least one phase 
resembles fine particles with anisotropy. As. straightfor- 
ward as the first approach may seem, the highest energy 
product materials produced today are heat-treated alloys 
of roughly equal amounts of cobalt, iron, and an odd 
assortment of other materials such as Ni, Al, Cu and Ti. 
These are economically the most important permanent 
magnet materials, known as Alnico’s in thi; country. 

The best materials produced by the direct approach are 
collections of fine particles of iron with up to 50 per cent 
cobalt to raise the saturation magnetization. The aniso- 
tropy responsible for the high coercive force arises from 
the shape of the particles, as is most likely the case in the 
alloys also. Needles with less than the critical radii and 
elongations of the order of 5 to 1 are stacked together by 
compressing a mixture of needles and some binding matrix 
in a magnetic field which aligns the needles. (The “par- 
ticles” in the alloys are also most likely aligned due to 
their heat treatment in a magnetic field). The mechanical 
properties are determined by the binder, so that the ma- 
terial is extremely versatile (whereas the alloys are quite 
brittle and heavy). Cobalt is added to iron because 
the raw material cost is at present a small fraction of the 
preparation cost. The increase in saturation increases both 
the remanence and the coercive force as does particle 
alignment. The economic supremacy of the heat-treated 
alloys may well be challenged by future technological im- 
provements in the direct fine particle approach. 

There are a number of permanent magnet alloys with 
smaller remanences, coercive forces, and energy products 
than the Ti-Al-Ni-Co-Fe alloys. Their usefulness lies in 
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their machinability. These too are fine particle magnets in 
the sense that alloy separation into two phases takes place 
with extremely fine grain size. Coercive forces arise from 
shape in some cases and from crystalline anisotropy 
in others. 

The only serious challenge to Fe-Co as the basic in- 
gredient in permanent magnets may come from materials 
which make up for lower intrinsic inductions by higher 
coercive forces and higher packing fractions. These higher 
coercive forces arise from anisotropy other than shape. 
For crystalline anisotropy the coercive force is indepen- 
dent of packing until the particles are packed so tight 
they can no longer keep domain walls from moving. The 
coercive force depends on 2K/M,, so that lower intrinsic 
magnetization results in an increased coercive force. The 
maximum energy product depends then only on _ the 
anisotropy energy and not on the magnetization. In addi- 
tion the shape of the particle is not important, thus 
eliminating a variable difficult to control in practice. 

Unfortunately we have no theory to guide our search 
tor high-anisotropy-energy materials. Manganese-bismuth 
with an anisotropy energy of 10° ergs/cu cm (equivalent 
to gauss-oersteds) is promising, but its poor chemical 
stability and high production cost have kept it in the lab. 
The possibility of finding a ferrite or other oxide of high 
anisotropy has stimulated many investigators. The com- 
pound BaO*’6Fe.O, is the best high-anisotropy oxide yet 
produced, with an energy product somewhat less than 
Fe-Co materials, but its low production cost makes it 
competitive. 

There is a large potential demand for fine particle 
permanent magnets for information storage as in record- 
ing tapes or magnetic inks. For information transmission, 
product uniformity is essential. For these applications 
future developments should lean more on crystal aniso- 
tropy than shape anisotropy. 
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Symbols and Definitions 


\ area 
diameter of one atom volume; also a constant 
applied magnetic field 
(sat) applied magnetic field suflicient for saturation 
tipole field from one dipole 
. field from all but one dipole evaluated at that one dipole 
field or magnetic induction 
component of B in the direction of B 
remanence 
field acting on one or a group of moments, but not includ- 
ing the contribution from the one or the group 
the induction for B, (sat) 
a reduced field 
velocity of light; also a constant 
diameter, thickness 
demagnetizing coeflicient 
charge to mass ratio of electron 
frequency 
Planck’s constant (= 27h) 
intensity of magnetic field (= B — 47M) 
component of H along the direction of B, 
applied magnetic field, B, 


= 


5 


\-- Rewmews~-B--2--2-- J) 


peak applied magnetic field 

coercive force 

intrinsic coercive force 

nucleation field for reverse domains 

threshold field for irreversible wall motion 

field necessary to hold domain wall in equilibrium 
current 

exchange or spin-spin interaction energy parameter 
force constant 

crystalline anisotropy constants 

generalized anisotropy constant 

length 

magnetic moment 

intensity of magnetization, magnetic moment per unil 
volume 

component of My in the direction of B, 

remanent magnetization 

numbers 

volume packing fraction, also used for a point 
radial vector signifying direction and distance 
radius 

critical radius 

tension 

Curie temperature 

time 

relaxation time 


characteristic time interval 
volume 
velocity 


average domain wall velocity 


average wall velocity in d-c loop 

energy 

angle between applied field and preferred direction 
positive anisotropy 

coefficient of friction 

domain wall thickness 

angle between moment and preferred direction for posi- 
tive anisotropy 

isotropic magnetostriction constant 

permeability (= dB/d/T) 

initial permeability 

effective permeability (= B/H) 

maximum effective permeability 

the Bohr magneton, magnetic moment of the electron 
density. resistivity 

magnetic moment per unit weight 

torque 

angle between the applied field and the’magnetic moment 
angle between moments 

susceptibility (= dV/ ‘dH) 


angular frequency (= 2zf} 
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ealistic Temperature-Power 
erating Requirements for 
arbon-Gomposition Resistors 


Weaknesses of derating curves in MIL 
specifications and manufacturers’ litera- 
ture are discussed, and two new methods 
developed under Signal Corps sponsorship 
are described and statistically analyzed. 
The first method indicates degradation of 
the resistor at high temperature in terms 
of the deviation of the resistance from 
the initial value as a function of load for a 
life of 2000 hr: the second method indi- 
cates the derating requirements for a 
maximum of 20 per cent resistance devia- 


tion from nominal during 2000 hr of life. 


J. L. EASTERDAY 

H. BRANER 

Reliability Engineering Division 
Batrette Memoria INSTITUTE 
Columbus, Ohio 


MANY OF THE EXISTING electronic components are suit- 
able for use at elevated temperatures, provided they are 
properly derated. The available derating literature, how- 
ever, is in some cases either incomplete or lacking in 
experimental verification. Such is the case with carbon- 
composition resistors. The object of this article is to dis- 
cuss a theory and procedure for determining sound, real- 
istic, temperature-power derating requirements for this 
class of components. 

Derating curves for resistors have long been a part of 
resistor-performance specifications. They are usually 
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supplied by manufacturers as a guide for proper use of 
their product at temperature or load conditions in excess 
of the rated conditions. They are commonly presented 
as straight, negatively sloped lines plotted on a tempera- 
ture-load grid. The implication is that satisfactory re- 
sistor performance will be obtained at any stress condi- 
tion on or below this line. Two relevant questions arise: 
(1) Why are these curves nearly always linear, and (2) 
What are the criteria of satisfactory performance? 

The first question is easily answered, although the 
reply may evoke a certain healthy skepticism. The derat- 
ing curve is linear because commonly only the initial 
and end points are “determined,” and a linear interpola- 
tion is made between these. The determination of these 
end points is too often theoretical and not experimental; 
that is, the initial point is the rated stress condition of 
the resistor and the final point is that condition at which 
the resistor encounters a physical limitation, such as 
melting of the insulation. Occasionally, the final point is 
experimentally determined—for example, by raising the 
ambient temperature until the resistance of the resistor 
deviates by more than a “reasonable amount.” 

The second question is somewhat more difficult to 
answer. Presumably, the derating curve is an isoquant, 
that is, a curve showing alternative combinations of two 
independent variables which yield equivalent dependent 
variables. The question therefore resolves itself into 
“What is the dependent variable?” Most manufacturers 
do not specifically answer this question in their literature, 
although the common assumption made by the engineer is 
that the dependent variable is resistance. A constant 
resistance along the derating curve over a specified period 
of time (usually 1000 hr) is equivalent to a zero degra- 
dation rate. A derating curve with resistance as the de- 
pendent variable is, therefore, one which presents al- 
ternative combinations of load and temperature produc- 
ing essentially no degradation in 1000 hr.* To answer 
the second question fully, however, it must be pointed 
out that a derating curve may be constructed for each of 
a number of dependent variables. For example, the de- 


*The load-life requirements of MIL-R-11B state that for 1000 hr of operation 
the average deviations from initial shall be 6 per cent, and only one resistor shall 
exceed a maximum deviation of 10 per cent for each sample of 10 resistors. 
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Fig. 1—Design of load-life evaluations for derating-curve feasi- 
bility study, showing per cent rated load and ambient tempera- 
tures investigated, 
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Fig. 2—Maximum expected resistance deviations from initial 


resistances for 75 per cent of the population at 90 per cent 
confidence during 2018 hr of load life. 
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pendent variable may be case temperature, oxidation 
rate on metal film resistors. physical degradation, in- 
sulation resistance, or many others. It is interesting to 
note that. when degradation rate is the dependent vari- 
able, this is equivalent to plotting the derating curve for 
some specified degradation rate greater than zero. 

It was with these questions and thoughts in mind that 
the Reliability Engineering Division of Battelle Memorial 
Institute embarked upon an_ experimental 
sponsored by the United States Army Signal Equipment 
Support 


program, 


Agency, to construct an operational derating 
curve for carbon-composition resistors. The objectives 
of this program were as follows: 

a. To construct a derating curve using experimentally 
verified points along the curve suitable for use in a 
military specification. 

b. To define the dependent variable as a constant 
specified degradation rate equivalent to that encountered 
at rated conditions. 

c. To take cognizance of the statistical errors involved 
in the program and if possible. to place probability limits 
on the points defining the curve. 

By observation of resistor degradation during the 
course of the program, it was apparent that establishing a 
derating curve for a degradation rate equivalent to that 
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Fig. 3—Resistor derating curve for maximum deviation from 
nominal of 20 per cent during 2000 hr of life for at least 90 
per cent confidence. 
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encountered at rated conditions (70 C and 100 per cent 
load) would not result in derating curves of practical 
value. The reason for this was that median degrada- 
tion at the next highest observed temperature was greatly 
in excess of the median degradation at rated conditions, 
even at loads as low as zero to 50 per cent rated load. In 
view of this fact, the second objective of the program 
was re-evaluated. Since the determination of the derating 
curve based on initial conditions seemed impractical, a 
method was developed to show the resistors’ degradations 
in the form of consiant-temperature curves plotted on 
axes of per cent deviation from initial resistances vs per 
cent load. This type of presentation is useful to the de- 
signer, provided he takes cognizance of the precondi- 
tioning effects occurring prior to the initial readings, but 
it is of no value for a military procurement specification. 

In order to fulfill the first objective of the program 
and derive derating information suitable for use in 
military specifications, a maximum-limit type of derating 
curve was formulated. The temperature-load relationships 
required by this method are such that no more than 10 
per cent of a sample will exceed a specified resistance 
deviation limit. These two methods of presentation (that 
of families of constant temperature curves showing devia- 
tion as a function of load, and that of a maximum-limit 
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Fig. 4—Resistor derating curve for high ambient temperatures 


(MIL-R-11B). 


derating curve) are the presentations used to summarize 
the work of these investigations. 

Laboratory Procedures. The procedure for empiri- 
cally determining resistor degradation over a wide range 
of temperature and load was to actually operate samples 
of resistors at each of the temperature-load combinations 
A sample of 60 critical- 
value resistors (270 K-ohm. 14-watt) representing three 
manufacturers was subjected to each combination shown. 
The entire program was duplicated for 1l-watt, 270-K. 
and 2-watt, 120-K resistors. Two manufacturers were 
represented for each of these wattages, thus resulting in 


in the matrix shown in Fig. 1. 


a total of 3420 resistors evaluated. A sample quantity of 
60 resistors was selected so that a reasonable degree of 
statistical precision could be achieved, thus satisfying 
the third objective of the program. Each group of 60 
resistors was operated for 2000 hr of load life in accord- 
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ance with the load-life procedure in MIL-R-11B (para- 
graph 4.6.13). In brief, resistors were measured upon 
receipt, baked for 96 4 hr at 50 C, wired into the 
load-life chambers, and subjected to the selected tempera- 
tures. After the chamber temperatures stabilized.* and 
within 8 hr of application of heat, the resistors were again 
measured.’ Then the excitation voltage was applied in 
cycles of 114 hr on and 14 hr off. Readings were taken 
following the , hr off portion of the voltage cycle 
several times throughout the 2000-hr exposure. The re- 
sistance deviations of the several hundred resistors in 
each chamber were measured in 20 to 30 min by means 
of an automatic data-taking system designed and con- 
structed at Battelle.t By means of this system, the re- 
sistors’ per cent resistance deviations from nominal were 
automatically punched on IBM cards which were then 
processed in an IBM 650 computer. 


Results of Analysis. The intention of these investi- 
gations was to evaluate the state of the art by analyzing 
the combined samples of resistors of various manufac- 
turers. However, it was soon apparent that such a com- 
bination resulted in ¢ri-modal distributions rather than 
in the desired homogeneous ones. The performance of 
different brands of resistors was so markedly different 
that each brand and wattage group of resistors was ex- 
amined separately. The individual analyses were later 
combined for purposes of an overall summary. Another 
factor requiring consideration was the life characteristics 
of the resistors. The maximum deviations from initial 
did not necessarily occur at the maximum operating 
time. Some of the greatest deviations occurred during 
the first 8 hr of high ambient temperatures, while others 
were prevalent at various times within the first 200 hr 
following application of load voltage and elevated am- 
bient temperatures. The data presented in this paper are 
based on the maximum deviations that were observed at 
any time within 2000 operating hr. This method of 
analysis was chosen in order to avert any misrepresen- 
tation of the resistors’ actual life characteristics, and to 
avoid the pitfall of designing equipment using resistors 
derated for 2000 hr of operation, only to have the equip- 
ment fail during the first 8 hr of elevated-temperature 
exposure. 

As previously mentioned, it was not feasible to carry 
out the objective of a constant degradation derating 
curve, using operation at 70 C and 100 per cent load as 
In most cases, the resulting stresses from even 
combinations of the 


a base. 
the minimum temperature-load 
matrix yielded degradations completely beyond the range 
of those experienced by the control sample at 70 C. 
Since further analysis along these lines would not have 
been fruitful, several methods of derating curve analysis 
were considered. The two methods described earlier were 
selected. The one method, which is a plot of the resistors’ 
degradations in the form of constant-temperature curves 
plotted on axes of per cent deviation from initial resist- 
ances vs per cent load, was used to plot the maximum 
expected per cent deviation from initial below which at 
*Chambers were specially designed and built at Battelle for this purpose. The 


average temperature variation was 3 C per 100 C ambient, and the average gradient 
was 5 C per 100 C ambient ove e 2000-hr period. 
+This reading, at temperature, before voltage was appli s the initial reading 
from which per cent deviations from initial were cal 
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least 75 per cent of the resistors of 9 out of 10 future 
samples are expected to fall. All of the ambient tempera- 
tures investigated represent one family of curves on one 
set of axes. Figure 2 shows families of curves for each 
manufacturer included in the investigation. The devia- 
tions plotted in this figure represent the maximum devia- 
tion from initial to be expected at any time during 2000 
hr of load-life operation, for any of the three wattages 
investigated. It is noted that the curves for Manufac- 
urer YB’s resistors do not extend to the higher stress 
levels, thus indicating that the resistors failed at these 
levels. It is assumed that a proportional number of 
future samples will also fail at these levels. It will also 
be noted that the Manufacturer YB curves represent the 
performance of the 14-watt resistors. This is because 
the 14-watt resistors had greater deviations from initial 
at all stress conditions than did the 1l-watt or the 2-watt 
resistors from Manufacturer YB. 

In comparing these curves. it can be seen that the 
resistors of Manufacturer ZA have the best overall per- 
formance. The life characteristics of these resistors vary 
considerably from the other two types in that the resis- 
tors of Manufacturer ZA frequently have high deviations 
in the first few hours of operation before starting the 
negative drift generally associated with carbon-composi- 
tion resistors. 

The second method of data analysis mentioned is 
based on the maximum resistance deviation from nominal 
occurring at any time, starting with the receipt of the 
resistors through to the conclusion of 2000 hr of load- 
life operation. This type of approach provides the 
reliability and design engineers with the most inclusive 
information in the simplest form. It precludes the neces- 
sity of preconditioning the resistors, as is required in 
order to utilize information based on deviations from 
initial. A further benefit of this inclusive and simple 
presentation is that it conforms well to the engineer’s in- 
tuitive interpretation of the meaning of a derating curve. 
In short, this limit-type derating curve indicates the 
derating required, so that 90 per cent of the resistors of 
future samples will have deviations no greater than the 
limit chosen in 9 out of 10 random samples. 

The derating requirements for the resistors of each 
manufacturer to have deviations from nominal less than 
20 per cent during 2000 hr of load life are shown in 
Fig. 3. The 14-watt resistors of Manufacturer ZA re- 
quire the least derating under these conditions, with the 
14-watt and 2-watt resistors of Manufacturer XC re- 
quiring the next least derating. In contrast, the 1-watt 
resistors of Manufacturer XC and the 14-watt and 1-watt 
resistors of Manufacturer YB will not meet the 20 per 
cent limit at 150 C, even at zero per cent load. The “no 
data” section of the curve for the 2-watt resistors of 
Manufacturer YB reflects the fact that these resistors will 
not meet a 20 per cent limit at 100 per cent load and 
70 C, which, as noted in the matrix of Fig. 1, was the 
only load condition investigated at this temperature. 
These YB 2-watt resistors, after meeting MIL-R-11B load- 
life requirements at 1000 hr, have severe increases in 
resistance deviations which are not common to the other 
resistors evaluated. 

Figure 4 indicates the derating requirements presently 
recommended in MIL-R-11B. However, there is no in- 
formation given to explain the results or performance 
to be expected if this curve is adhered to. Since four of 
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the evaluations conducted were operated at temperature- 
load combinations similar to the conditions recom- 
mended by the MIL-R-11B derating curve, the actual 
degradations occurring among the resistors of those four 
evaluations are presented in Figs. 5, 6 and 7. These 
curves, representing degradation at points A, B, C and 
D on Fig. 4, are cumulative distributions of the resistance 
deviations from initial for the 14-watt resistors of each 
manufacturer after 1000 hr of operation. As noted on 
Fig. 4, the curves for conditions B and C on Figs. 5 
through 7 should indicate a slightly better resistor per- 
formance than curves A and D, but such is not the case. 
In general, the deviations increased with increasing am- 
bient temperature despite the derating recommended. It 
is also seen that the three brands of resistors have differ- 
ent degrees of degradation. From these observations it 
must be concluded that the derating curve suggested in 
MIL-R-11B is of value only when considerable additional 
information about actual resistor performance, such as 
is presented here, is known. 


Statistical Methods. The methods of order statis- 
tics, rather than the standard distribution form. were 
utilized for the interpretation of obtained data. These 
methods are detailed in the appendix. 


Conclusions. The data herein presented provide a 
component applications engineer with two means of 
considering derating requirements. The first method in- 
dicates degradation at elevated temperature in terms of 
resistance deviations from initial as a function of load 
at any time during 2000 hr of life. This permits the use 
of any combination of derating and degradation per- 
missible for the operation, but infers the preconditioning 
of the resistors. The second method, although somewhat 
of a departure from current methods of resistor-data 
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Fig. 6—Cumulative distributions of resistance deviations from 
initial during 1008 hr of load life, manufacturer YB (20 
resistors; 44 watt, 270 K). 
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Fig. 7—Cumulative distributions of resistance deviations from 
initial during 1008 hr of load life, manufacturer XC (20 
resistors; 14 watt, 270 K). 


analysis, provides derating requirements that will satisfy 
a maximum deviation of 20 per cent from nominal. This 
presentation is a simple, all-encompassing method but 
it is an analysis of deviations from nominal from the time 
received from the manufacturer 


the resistors were 
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through to the conclusion of 2000 hr of load-life opera- 
tion. 

A wide divergence of degradation among the various 
types of resistors evaluated is apparent from the data 
presented. The components application engineer should 
and derating carbon- 
manufacturers should 


recognize the fact when selecting 
composition resistors. The resistor 
take steps to improve the uniformity of quality among 
their resistors, so that all resistors procured under MIL- 
R-11B would exhibit characteristics comparable to the 
better ones known to be possible. 

The derating information this paper 
should provide a sound basis for improving equipment 
performance and reliability through more realistic de- 


presented in 


rating of carbon-composition resistors. 


Appendix—Statistical Methods 

Because of the fact that failures were encountered and 
also because it was deemed wise not to assume some standard 
distribution form for the resistance deviations from initia}, 
the methods of order statistics were used. Population in- 
ferences based on order statistics are non-parametric; that 
is, they do not depend upon parameter estimates of a known 
distribution form, and they are applicable to almost any 
distribution of the observed variable.* In this study one 
technique of order statistics was used to obtain the upper 
tolerance limits of resistance deviations from initial for the 
various manufacturers and temperature-load combinations. 
This technique is as follows: 

One can define the quantity R as that resistance deviation 
from initial above which only 10 per cent of the population 
values will fall. If a single resistor is randomly selected from 
this population, the probability that it will have a resistance 
deviation greater than R is 0.10. If a random sample of N 
resistors is chosen from this population, the probability 
that all N of the resistors will have deviations greater than 
R is (0.10)%. 

The probability that exactly one of the N resistors will 
have deviations greater than R is 


( : Jo 10) (0.90)* 


The probability that exactly K of the N resistors will have 
deviations greater than R is 


( “ ) (0. 10)* (0.90)¥~4 


where( ©) is the number of possible orders in which K 


resistors could have been selected from a sample of size N. 
The probability that A or more resistors of a sample size 
Y will have deviations greater than R is 


LVew 


If it were specified that one desires that value of K which 


(090) 


is exceeded by only 10 per cent of the resistors of the parent 
population, then the resistance value of the k™ resistor would 
be R. Furthermore, if one attaches a confidence coefficient, 
say 90 per cent, to the statement that only 10 per cent of a 
population will have resistance deviations greater than R, 
then the previous equation becomes 

. 

b ( V ) (0.10)* (0,90)* 

hid NA 
x=K 
cumulative 


This will be 


binomial, and it is easily solved for K by use of tables 


equation recognized as the 
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Functional Evaluation of 
Motorette Insulation Systems 


Tests conducted by the Naval Research Laboratory on thirteen motorette insulation systems: 


© compare insulation systems at normal operating temperature by extra- 


polating from test temperature data: 


e@ provide a relative measure of the expected field performance of new 


materials : 


© provide information on the relationships between various components of 


an insulation system. 


The report presented here analyzes data on aging characteristics and systems life. 


E. L. BRANCATO and L. M. JOHNSON 
Insulation Section 

U.S. Navat Researcu Laporatory 
Washington, D. C. 

H. P. WALKER 

Electrical Branch 


BuReAU OF SHIPS 
Washington. D. ¢ 
A NEW METHOD for the functional 
evaluation of insulation systems em- 
ploying a model motor now known as 
the “motorette” was introduced in 
1952. (1)* The American Institute 
of Electrical Engineers, recognizing 
its advantages of reduced effort and 
equipment, has adopted the method 
and has developed a test procedure 
for its application. (2) 

Since the Naval Research Labora- 
tory and the Bureau of Ships are 
interested in the study of insulation 
systems, they have continued to take 
an active part in the evaluation of 
this new technique. As a result of 
preliminary investigations | previ- 
ously reported in ELECTRICAL MANU- 
FACTURING (3) ], the Laboratory has 
made certain modifications in the 
applications of the AIEE testing pro- 
cedure: 


*Italic 


ferences at ¢ 
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thermal shock 


by heating and cooling the specimens 


1. Elimination of 


at a rate not exceeding 6 deg C pet 
min. (4) 

2. Substitution of a 100 per cent 
RH with no visible condensate cycle 
for the 100 per cent RH with a visible 
condensate cycle. 

3. Specimens are removed from 
the humidity chamber in a_ plastics 
cover and all voltages are applied 
simultaneously. The dielectric stress- 
ing procedure is thus made more 


prac tical. 


Evaluation of Insulation 
System Components 


Valuable information on the be- 
havior of each component of a 
motorette insulation system can be 
obtained by aging the motorette be 
vond its first-failure point. Informa- 
tion can also be obtained that will 
make it possible to assess the in- 
fluence of the composite system on 
its components. 

An incompatible insulation system 
can be detected by means of aging 
tests of this character. An incom- 
patible system may be defined as 
one in which the wire is not ade- 


quately supported (in a thermal or 
electrical sense) by either ground 
and/or phase materials. In such a 
system the “first failure” results from 
either ground or phase failure. As 
will be indicated by the data to be 
presented, a system may be compat- 
ible at one but incompatible at an- 
other aging temperature. 

Unfortunately, it is difficult to ob- 
tain complete life data for the phase 
material if the ground material fails 
first and certain combinations of 
other component failures have oc- 
curred, This difficulty originates in 
the leakage paths created in the in- 
sulation system following the ground 
failure. Under these conditions it 
may be possible to detect failure in 
some cases by visual inspection if 
the materials used are of the nature 
and color to reveal such a_break- 
down. 

Aging data have been obtained on 
four class A (105 C) systems, eight 
class B (130 C) 
class H (180 C) system. All systems 
more tem- 


systems. and one 


were aged at three or 
peratures with 10 motorettes being 
employed at each temperature. Table 
| identifies the components of the 
thirteen systems studied. 
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Class A Insulation Systems 

The four class A systems investi- 
gated (Nos. 1, 2, 3 and 29) all em- 
ployed polyvinyl formal enameled 
magnet wire. Systems 2 and 29 are 
identical except for the impregnating 
varnish. System 2 uses an oleoresin- 
varnish 
ploys a 


ous while System 29 em- 
modified phenolic varnish 
typical of the Grade CB varnishes 
qualified under specifications MIL- 
V-1137. The regression lines in Fig. 
1 show the first failure data. While 
the life of System 2 was consistently 
higher than that of System 29 at all 
test temperatures, the extrapolation 
of the two curves yielded approxi- 
the life (65,000 
hr) at the classifying tem- 
perature of 105 C. This result is pos- 
sible due to the greater slope of the 


mately and 


60.000 


same 


curve for System 29. 
3. differs from System 1 
only in the ground insulation. Rope 


Svstem 


acetate ground insulation was used 
in the former and fish paper ground 
the latter. As seen in 
insulation 


insulation in 
Fig. 2, the 
only increases the life expectancy of 


ground not 


e Regression lines of first failures of 4 motorette class A insulation 
systems (105 C), all employing polyvinyl! formal magnet-wire enamel. 
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Fig. 1 and 29 (see Table I 


for description of systems components). 


140 
Temperature , deg C 


Systems 2 Fig. 2—Systems 1 and 3. 





Table I—Motorette Components Insulation Systems 





System 


number | Magnet wire* 


0.015 in. ground 
insulation 


0.007 in. phase 


insulation” Varnish® Slot wedge 





1 | Polyvinyl formal 


Glass 
melamine 


Oleoresinous 
organic 


Fish paper Varnished cambric 





Silicone-Teflon enamel 


Organic varnish 
mica-glass 


Organic varnish 
glass 





| Varnished 
cambric 


Rope paper- 
acetate 











| 

| “qe 

| Glass silicone 
| laminate 


Silicone 
varnish I 


Silicone varnished 
glass 


Silicone-Mica- 
Mat-glass 











Modified polyester enamel B 


Phenolic Glass 
varnish F melamine 


Phenolic a 
varnish E 


Mylar-paper Mylar film 





Organic varnish 
glass 


Organic varnish 
mica-glass 


Phenolic 
varnish H 


Phenolic 
varnish E 


Alkyd 
varnish G 





Epoxy enamel 


} 


| 


| Epoxy varnish Silicone 
Mica-Mat-glass varnish J 


Glass silicone 
laminate 


Epoxy varnish 
Mica-Mat-glass 





29 Polyviny! formal 


Organic varnish | Organic varnish 
mica-glass 


Phenolic 
varnish E 


Glass 
melamine 





30 Modified polyester enamel C 


| 
} 
| 
| 
| 
| 


} 
” 





*Wire Size—No. 20 AWG 


bSystem 10 phase insulation thickness—0.002 in. 


€Varnish—3 coats dipped and baked 








e Regression lines of first fail- 
ures of 8 motorette class B in- 
sulation systems (130 C). 


System 3 at the test temperatures but 
also the slope of the temperature-life 
line as well. This results in a greatly 
increased extrapolated life at 105 C 
of 83,000 hr for System 3 as com- 
pared to 22,000 hr for System 1. As 
a result of this study, fish paper has 
been prohibited as a basic ground 
insulation for shipboard electrical 
equipment. 

Tests on these two systems at 180 
C and 200 C were completed prior 
to adoption of a method of evaluat- 
ing all components. Consequently, 
data other than the first failures are 
available only for the 150 C and 160 
C tests. However, these limited data 
would indicate that the improved 
ground insulation of System 3 gave 
support to the wire enamel, thereby 
making the system compatible and 
extending the life expectancy. 


Class B Insulation Systems 


Modified polyester-type enameled 
wire from four different manufac- 
turers and one enameled 
wire were employed in the class B 
motorette The polyester 
enamels have been arbitrarily classi- 
fied as enamels A, B, C and D. 


Enamels A, B and D were used in 


epoxy 


systems. 
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System 23> 


Wy 
tN 


Aging time, hours 


Temperature, deg 


Fig. 3—Systems 19 and 23, polyester-type 
magnet-wire enamel A (letter is an arbi- 
trary designation for various formula- 
tions of enamel). 


two systems each and enamel C and 
the epoxy in one system each. 

The first-failure regression lines 
for the temperature-life character- 
19 and 23 are 


istics of Systems 


shown in Fig. 3. System 23, using 
wire enamel A and_ oil-modified 
alkyd varnish G (with a viscosity of 
2500 cps), shows the greatest ex- 
pected life when extrapolated to 130 
C (210,000 hr). System 19, also using 
enamel A but employing oil-modified 
phenolic varnish E (with a viscosity 
of 300 cps), yielded the next greatest 
expected life when extrapolated to 
130 C (87,000 hr). The first failures 
in these two systems were con- 
tributed in most part by the wire 
failures, especially at the lowest tem- 
perature point (180 C). This fact 
would indicate a compatible system 
with a life-temperature line that 
could be expected to give reasonably 
accurate extrapolation at the 130 ( 
classifying temperature. 

Figure 4 shows that Systems 10 
and 14, using modified 
magnet wire B, gave the lowest ex- 


polyeste: 


pected life values as compared to the 
systems using other enameled wires 
of this group when the regression 
lines of their first failures were extra- 


1000000 -——- 


Aging time, hours 


4C 60. 180 200 220 240 260 


+ 


emperature, deg C 


Fig. 4—Systems 10 and 14, polyester-type 
magnet-wire enamel B. 


polated to 130 C. The fact that both 
of these systems were definitely in- 
compatible throughout the testing 
temperature range was a contribut- 
ing factor. The Mylar-paper ground 
insulation failed first in System 10 
and__ the 
phase insulation failed first in Sys- 
tem 14. It is significant that Sys- 
tems 19 (87.000 hr) and 14 (28.600 
hr) differ only in the wire used. 

The regression lines of the first 
failures with extrapolations to 130 ( 
are given in Fig. 5 for System 30, 
in Fig. 6 for Systems 12 and 16. 
and in Fig. 7 for System 26. 


organic varnished-glass 


Class H Insulation System 
Figure 8 presents the regression 
line of the first failures for a class 
H (180 C) system using Teflon and 
silicone-enameled magnet wire. When 
extrapolated to 200 C (Navy classi- 
fying temperature for class H insula- 
tion) this system exhibits an ex- 
pected life of 15.000 hr. As shown in 
Fig. 9, this system is not compatible 
since the silicone-varnished glass 
phase insulation did not give sup- 
port to the wire. As the curves indi- 
cate, if the first failures had been 
contributed by the turn-to-turn fail- 
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Fig. 5—System 30, polyester-type magnet- 
wire enamel C, 
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Fig. 6—Systems 12 and 16, polyester-type 
magnet-wire enamel D,. 
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System 26, epoxy magnet-wire 





ure, the extrapolated life at 200 C 
would have been at least 30,000 to 
10,000 hr, which would be equal to 
an increase in lile of more than 100 
per cent. This study as well as service 
experience has shown that silicone- 
varnished glass dues not provide ade- 
quate dielectric barrier action; con- 
sequently, present specification for 
shipboard electrical equipment can- 
not allow the use of this material for 
eround, phase or layer insulation in 
class H systems. 


Effect of Magnet Wire and 
Varnish on Phase Insulation 
from Table l. 


organic-varnished glass phase mate- 


As can be seen 


rial was used in eight motorette sys- 
tems, and in five of these systems the 
only component changed was the 
magnet wire. In the remaining three 
impregnating varnish 
Figure 10 
shows the various slopes and levels of 


systems the 
was the only variable. 
life obtained on phase insulation 
when the magnet wire enamel was 
the only component variable. It will 
be noted that the life of this phase 
material is considerably increased. 
(100 per cent to 700 per cent in- 
crease at 200 C: 300 per cent to 900 
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Fig. 8—Regression line of first failures 
for motorette class H (180 C) System 8 
employing a silicone-Teflon magnet-wire 
enamel. 


» Average life, magnetic + 
wire (turn fo turn) 


A Average life, phase 
\ nsulotion T 


Fig. 9—Aging characteristics for motor- 
ette class H System 8; magnet-wire and 
phase insulation. 











per cent increase at 180 C) when 
the magnet wire is changed from 
class A to class B. even though in 
nany cases the wire failed turn-to- 
turn ahead of the phase insulation. 
Figure 1] reveals that systems sub- 
jected to a variation only in the var- 
nish differed litile in the resulting 
life of the phase separator. whereas 
a significant variation in life result- 
ed when different wire enamels were 
used. This change in life of phase 
insulation becomes progressively 
less as the testing temperature is re- 
duced from 220 C to 180°C. 
Information gained from evalua- 
tion of the organic varnished glass 
material at all 
points for System 29 and at the 135 
( and 160 ( 
Svstem 2 (see Fig. 12) gives a good 
indication of the expected life for 
this material when used with a poly- 


phase temperature 


temperature points for 


vinyl formal enamel. Apparently the 
two types of impregnating varnishes 
used had little or no effect on the 
phase life. since the two life curves 


coincide, 


Problems of Extrapolation 


Reference to Systems 2 and 29 will 


again show that these two systems 
are identical save for the varnish 
employed and that their respective 
regression lines were extrapolated to 
approximately the same expected life 
at 105 ( 
If one assumes that the departure of 
the data points from the straight lines 
are significant, and if the curves are 


as was shown in Fig. 1. 


drawn through each point. a cross- 
over of the aging characteristics is 
observed at around 140 C on Fig. 13. 
An extrapolation of the character- 
istics would indicate a superiority of 
120.000 hr for System 29 over Sys- 
tem 2. 

Figure 14 presents data, gathered 
over a period of three years, on the 
aging characteristics of the magnet 
wire used in five motorette systems 
employing polyester - type enameled 
magnet wires B, C and D. These five 
systems all experienced a_ definite 
break in the wire temperature-life 
curve at the same temperature (200 
C). in the same direction and of 
approximately the same magnitude. 

The pattern of these data makes 
it quite certain that this trend was 
not due to chance and hence it repre- 
sents a true characteristic of these 


wires. With this 
type of aging characteristic it is im- 


polyester magnet 
portant to take into consideration the 
inter- 
curve 


observed discontinuity when 
preting the temperature-life 
representing the first failures of an 
insulation system. For example, Fig. 
15 (which gives the plots for the 
turn-to-turn, phase and _first-failure 
characteristics of System 12) shows 
that the first-failure curve is a 
straight line between the 180 C, 200 
C, and 220 C temperature points. If 
only the first-failure points at these 
temperatures were to be considered, 
the extrapolation of this three-point 
straight line would give a very opti- 
mistic life of 90,000 hr at 130 C. 
Even before the 160 C data were ob- 
tained it became clear that the first 
failures at 180 C and below would be 
the result of turn-to-turn failure in- 
stead of phase failures (as was the 
case at 200 C and 220 C). This is 
due to the crossover of the aging 
curves of the two components at 190 
C. It can be predicted that the first- 
failure curve will assume the slope of 
the turn-to-turn curve at and below 
180 C. The fourth temperature point 
obtained at 160 C substantiates this 








* Aging characteristics for organic varnished-glass phase insulation used in motorettes: 
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Fig. 10—Aging characteristic 
tems 12, 14, 19, 29 and 30. 
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Fig. 11 Aging characteristics for Sys- 
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Fig. 12—Aging characteristics for Sys- 
tems 2 and 29, 
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conclusion. This example supports 
the caution expressed by Horton (5) 
in using the regression average life 
for extrapolation beyond the testing 
temperature range. 

se Table !l—Motorette Insulation Systems Life 


The same reasoning may apply to 





the other four systems plotted in x : ee 
te De sfies ta Utes canes the man System: number Insulation class, Life at indicated 
ig. 14 since in these cases the mag- (see Table 1) deg C temperature, hr 
net wire could also dominate the 
first-failure curve at the lower tem- is ao “ pot 
peratures. Whenever it can be ex- 1* 105 (A) 22.000 
pected that more than one component 3 105 (A) 83 ,000 
19 130 (B) 87 ,000 
; : a: 23 130 (B) 210,000 
first failures, it is recommended that 10* 130 (B) 29,000 
the system be evaluated at a lower 14* 130 (B) 28 ,600 
temperature to investigate the possi- ro = By pepe 
bility of a change in slope of the 12* 130 ‘By 36,000 
first-failure temperature-life curve. If 26 130 ce 22,500 
7 : : . ds 8* 180 (H) 55,000 
a lower temperature point indicates a g* 200 (H-Navy) 16,000 
change in slope, it then seems ad- 





of a system will contribute to the 











visable to disregard the data ob- Cninecinatite: Svetens 

See ‘ - . = . . ree Average life of compatible class A system at 105 C 69,333 hr 
taine d at the highe r temperature Average life of compatible and incompatible class A system at 105 C 

¢ . -apolate \ rom he Average life of compatible class B system at 130 C 

ind to ext i} ol ate only from the Average life of compatible and incompatible class B system at 130 C 
reasonably straight portion of the 


curve. 
Since it is recognized that a com- 

ponent of a system may have more 

than one aging slope over a given 

temperature range (as illustrated in 

Fig. 14 in the case of certain types 

of polyester wire enamels) it would 
Table Ili—Compatible and Incompatible Motorette 
Insulation Systems 





RMS SLES 5 EMEA BEN ETE WS OBIE RNA A INARI Compatible Systems 





j ! 
| 
| Motor- | 
Insula- ette | Life at midpoint 
tion | system of test temper- 
class No. Wire enamel ature range 








Motor- Wire 
ette twist 
test, hr | test, hr 





A (105 C) | Polyvinyl! formal 900 800 
B (130 C) Polyester enamel E | 3000 2000 
Polyester enamel C 1800 1700 

) 





B 

H (180 C) | Silicone enamel L | 1500 | 1850 
H Silicone enamel M 1700 | 1600 
H Silicone enamel M 1700 1500 








Incompatible Systems 


| 


| Motor- 

Insula- | ette | Life at midpoint 
tion | system | of test temper- 
class | No. | Wire enamel ature range 





| | Motor- Wire 
ette twist 
test, hr | test, hr 
Polyester enamel B 1500 400 
Polyester enamel B 2000 | 350 
Polyester enamel D 1800 1200 
rature, deg Polyester enamel A 2200 2600 
| Polyester enamel D 1200 900 
Fiz. 13—Aging characteristics of first 





failures compared for motorette insula- 
tion Systems 2 and 29. 
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Fig. 14 
ester-lype magnet-wire enamels as em- 
ployed in motorette insulation Systems 


10, 12, 14, 16 and 30. 


Aging characteristics of poly- 





also appear advisable to obtain data 
at a lower temperature and to dis- 
card the higher temperature point 
or points beyond the break in slope. 
rhis appears necessary even with the 
knowledge that the first-failure points 
were and would still be contributed 
by one component. 

Although, as indicated in Fig. 7, 
the epoxy-enameled wire class B Sys- 
tem 26 has a longer life in the test 
temperature range (160 to 220 C) 
than three of the polyester enamel 
investigated 
(Systems 10. 12 and 16), the low 
slope of the regression line gives an 
expected life that is 


wire class B= systems 


considerably 
lower than the other systems when 
extrapolated to 130 C. This can be 
explained by noting that the aging 
characteristics of System 26 dis- 
played a constant slope throughout 
the range of test temperatures. On 
the other hand. the characteristics of 
the comparison Systems 10. 12, 14. 
16 and 30 exhibited two slopes in 
the test range. Below 200 C the slope 
magnitudes were of the order of Sys- 
tem 26, but above 200 C 


hibited a marked increase in slope. 


they ex- 
It follows, then, that a regression 
line caleulated under conditions of 


dual slopes would vield aging char- 
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Fig. 15—Aging characteristics of first 
failures, magnet-wire enamel and phase 
insulation for motorette insulation Sys- 
tem 12. 





exceeding 
those at 200 C, resulting in extrap- 


acteristics with slopes 


olated lives greater than that of 
System 26. 


Life of Insulation Systems at 
Classifying Temperatures 

At present there is a vague indus- 
try agreement that class B, class F. 
and class H insulation systems will 
vield about the same life at 130 C. 
155 C and 180 C (200 C Navy), 
respectively, as class A systems at 
105 C. When more is learned about 
mechanisms of failure, and as indus- 
ry tests are standardized on the 
AIEE 510 and ATEE 57 


procedures, the question of how 


t 
basis of 
much life may be expected can be 
explored. It is expected that a re- 
liable figure of life will not be ob- 
tained until some of the questions 
relating to extrapolation, testing pro- 
cedures and system compatibility can 
be resolved. When this has been ac- 
complished. a statistical compilation 
of data of various systems. tested by 


different laboratories, may provide 


the life figure that will characterize 


the various insulation classes. 

An attempt has been made to reach 
an indication of life figures at classi- 
fying temperatures from the limited 


data presented in this study. Table 
Il relates the thirteen systems studied 
to the corresponding life data ob- 
tained from extrapolation to the clas- 
sifying temperatures. A study of this 
table can lead only to the limited 
conclusion that compatible systems 
yield longer lives than incompatible 
ones. Considering the spread in life 
data between one system and another, 
and considering that the extrapola- 
tion of regression line (when data 
points do not fall on a straight line) 
is questionable, no conclusions can 
be drawn as to the expected life of 
an insulation system. 


Test Correlation between Twist 
Specimens and Motorettes 

As previously defined, a compati- 
ble insulation system is more strongly 
dependent on the life of the magnet 
wire than on the life of the ground 
and/or phase materials. Thus it be- 
comes important that an AIEE 57 
evaluation of magnet wire or wire- 
varnish combination alone indicate a 
life that is reasonably close to that 
obtained on the magnet wire of a 
complete insulation system subjected 
to AIEE 510 tests. The absence of 
such correlation would cast doubts 
on the test procedure. 

To confirm the validity of this 
statement, a composite analysis was 
made of life data obtained from 
compatible motorette systems sub- 
jected to ATEE 510 procedure and 
corresponding wire-varnish combina- 
tions evaluated according to AIEE 
57 procedure. In addition to the mo- 
torette systems listed in Table I. for 
which corresponding twist tempera- 
ture-life data are available, four 
other systems (Nos. 21, 22, 31 and 
33) have been added to this investi- 
gation. 

The aging results to date are some- 
what limited since the investigation 
is still continuing. In some cases. 
therefore. it was necessary to esti- 
mate the end life at the lowest aging 
temperature (200 C). Table IIT com- 
pares, in summary, the aging data 
for six compatible and five incom- 
patible motorette systems against the 
results of corresponding magnet wire 
twist tests. A study of this table re- 
veals that there is an absence of cor- 
relation for the incompatible systems 
in the majority of cases. Figure 16 
(compatible system) and Fig. 17 (in- 
compatible system) are included as 
examples to illustrate the presence 
From 


and absence of correlation. 
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Fig. 16—Comparison of aging character- 
istics for motorette System 29 and twist 
combination 9%, both utilizing polyvinyl 
formal enameled magnet-wire and_phe- 


nolic varnish E. varnish E. 
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Fig. 17—Comparison of aging character- 
istics for motorette System 14 and twist 
combination; both using polyester-type 
enameled magnet-wire 


higher temperature data in the re- 
gression analysis for the purpose of 
extrapolating the aging character- 
istics. 

5. The modified polyester-type 
magnet wires, treated in Fig. 14, re- 
veal a_ significant change in the 
mechanism of deterioration at 200 C. 

6. From the thirteen insulation 
systems studied, a limited conclusion 
is made that compatible systems yield 
longer lives than incompatible ones. 

7. In general, correlation of ther- 
mal aging data is obtained between 
motorettes and twist specimens pro- 
vided the motorette insulation system 
is compatible. 

Additional research is needed in 
this field of study to determine the 
effects of changing variables in the 
testing procedure such as heat shock, 


B and phenolic _— 
vibration and humidification. > Oo 





these results one may conclude, for 
the most part. that correlation in 
magnet wire life is obtained from 
twist and motorette data provided the 
motorette insulation system is com- 


patible. ponents of the 


design worth of an insulation system. 

2. It has become apparent that the 
thermal stability of various compo- 
nents is influenced by the aging char- 
acteristics of the companion com- 
system. The useful 
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Conclusions and Summary 


1. Experience has now shown that 
laboratory evaluation of motorettes 
can compare the aging character- 
istics of insulation systems. It has 
also been shown that the evaluation 


life of organic varnished-glass phase 
material can be increased as much 
as 900 per cent by proper selection 
of the magnet wire. 

3. The inter-relationship of the in- 
dividual components and their influ- 
ence on the first failures of a system 
(see Fig. 15) is a critical factor in 
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Dependability of Military Equipment: 
a Systems Approach 


(Continued from page 100) 





probability that the system will be operable when needed; 
as long as mean time between failures is long compared 
to flight time, in-flight reliability and maintainability can 
be neglected. The importance of the concept of system 
readiness reliability, on the other hand, is underscored 
by the primary deterrent method selected to back up this 
namely, immediate and mas- 
sive retaliation, for which a continuing high level of 
readiness is a basic requirement. 


country’s foreign policy 
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Fourth, sufficient mathematical insight has been gained 
to permit development of other models for related de- 
pendability considerations. For instance, the preceding 
example did not take into account the considerations in- 
volved in preventive or scheduled maintenance. A prob- 
ability model can be developed to show the relationship 
between corrective and preventive maintenance effort, 
and the effects of equipment design factors on this rela- 
tionship. Still another can be adduced for determining a 
balance between integral and external test equipment and 
their relationship to equipment modularization. Finally, it 
should be possible to integrate these separate models into 
a single meaningful set of relationships capable of op- 
timization in accordance with selected system design 


criteria. O 
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Delay Line 
Design Nomogram 


S. D. COLEMAN, JR 

Air Arm Division 

WestTincHouse EvLecrric CORPORATION 
Baltimore, Md. 


IN THE DESIGN of pulse circuitry, it 
often becomes necessary to delay a 
pulse by some precise interval of time, 
generally on the order of a few micro- 
seconds. In many cases, this can best 
be accomplished by means of a delay 
line. When a pulse is applied to the 
input of a delay line, it is continuously 
retarded in phase as it travels along the 
line. A short time later, it appears at 
the output. The extent of the delay de- 
pends upon the circuit parameters. 

[he nomogram presented here has 
been found to be quite useful in de- 
signing the lumped-parameter type of 
delay line. This is a network of low 
pass filter sections, each section con- 
sisting of a series inductance and a 
shunt capacitance. The time delay in- 
troduced by each section is given by 
the expression 

t \/ Le 

where ¢ is the time in seconds, L is the 
inductance in henries, and C is the 
capacitance in farads. This relation- 
ship holds true as long as the cutoff 
frequency of the section is reasonably 
higher than the frequency of opera- 
tion. This cutoff frequency is found to 


be 


were f,. is given in cycles per second. 

It can be seen from the above ex- 
pressions that the values of L and ( 
selected are limited by the required 
bandwidth, so that the desired time 
delay must be achieved by connecting 
in series a number of identical sections. 
This is a direct relationship, given by 

T Nt 
where 7 is the total delay time in 
seconds, and WN is the number of sec- 
tions employed. 

The delay line described is essen- 
tially an artificial transmission line. 
As such, it has a characteristic imped- 
ance which must be matched by a 


154 


MANUFACTURING 





terminating resistance if reflections 
within the line are to be minimized. 
This impedance is found by the 
expression 


Zo VV L/C 


where Zo is given in ohms. 

All four of the above equations may 
be solved by means of the nomogram. 

Example: It is desired to delay a 
train of pulses by 1.5 psec. Bandwidth 
considerations dictate a cutoff fre- 
quency of 5 me. For maximum 
economy, commercially available in- 
ductors and capacitors are to be used. 

A straight edge is placed across 
2) in the vicinity of 5 me. 
Keeping the pivot point in this general 
location, the straight edge is rotated 
until it intersects scales (1) and (4) 
at standard values of L and C. On 
scale (1), read L 120 wh. On seale 
(4), read C == 33 pyf. The cutoff 
frequency is seen to be f, == 5.05 me. 


scale 


At this point on scale (2), the cor- Jupiter missile flight program device circuit « : isplayed on. silk- 
responding value on scale (3) gives screened “bread board” for training ease. 
the time delay provided by one LC 
section. Read ¢ 0.063 psec. 
To find the number of sections 
needed to produce the desired time 
delay, the straight edge is now placed 
so that it intersects ¢ 0.063 pse 
on scale (3) and passes through 7 
5). At the inter- 
section with scale ), read the nearest 
whole integer, \ = 24 sections. 


LS psec on st ale { 
7 


The characteristic impedance is de- 
termined by placing the straight edge 
between the previously selected values 
of C and L on scales (4) and (8). 
On scale (6), read Z,) == 1910 ohms. 
The closest standard value, 2000 ohms, 
may then be specified for the term- Front and rear view of magnetic tape transport mechanism that forms one end of 
inating resistance. actual program device package. 





Missile Control ‘‘Bread 
Board’’ Trainers 


LOWELL STOLEROW 
CENTURY-DETROIT 
Detroit 38, Michigan 


pli , 
} britt” a 4 fea 


MissILE CONTROLS are not exactly play 
toys. One environmental hazard for ; 
which they were not designed is the mate | enn! 
i , sia harden gs | Ae i || 
“bugging and debugging” procedure i 
attendent to training of field engineers 
and maintenance personnel. To accel- 
erate the training of Jupiter-missile 
technicians, Century-Detroit has de- 
signed and built two “bread board” 
trainers for the Chrysler Corporation 
Missile Division—one for the program 
device, the other for the control com 
puter, 
Actual Equipment. The program 
device directs missile action in flight Jupiter control] computer circuit: 1.7 cu ft of components on a 6 x 4 ft panel; test 
through three transistorized informa- points in front, “bugging” switches in rear. 
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tion channels from magnetic tape. 
Transport mechanism uses differential- 
ly tensioned magazines and take-up 
reels in conjunction with a forward 
drive motor; tape is 
sprocket driven. Original package oc- 
cupies 1.3 cu ft. 

The mixes and 
amplifies attitude, guidance and feed- 
back signals in three 
each for pitch, roll and yaw control 
of the missile in flight. Input signals 
are mixed in magnetic amplifiers; ad- 
ditional amplification is provided by 
transistor stages. During flight, gain 
control of the three channels is effected 
by motor-driven and 
lead-lag networks switched by 
relays. Computer is packaged in 1.7 
cu ft. 

Control and operational checkout of 
both the program device and the con- 
trol computer is accomplished 
missile ground equipment. 

Trainer Construction. For easy 
access, both training are 
spread out on 6 x 4 ft boards. Circuitry 
is silk-screened on a white background 
and color coded to differentiate the 
individual channels. Actual components 
are mounted on studs adjacent to the 
schematic 


and reverse 


control computer 


channels, one 


potentiometers, 


are 


from 


versions 


Connectors and 
plugs are compatible with the missile 
equipment. Test points (approximately 
100 for the program device and 260 
for the control computers) are pro- 
vided for measurements. Switches 
mounted out of sight behind the panels 
illow the instructor to “bug” the cir- 
cuits without actually tampering with 
the equipment. OOO 


symbols. 


Silicon Rectifier 
Power Drives 


EDWIN H. VEDDER 

JOHN M. COCHRAN 
WestincHouse Evectric Corp. 
Buffalo, N. Y. 


INCREASINGLY EXACTING DEMANDS for 
accuracy in control systems have 
brought about a rapid expansion of 
the use of various types of drives using 
stepless speed adjustment attained 
either manually or automatically. In 
line with this growth, there has been 
greater acceptance of the use of pack- 
aged drives obtained from one source 
rather than of bits and pieces purchas- 
ed from several different manufacturers. 

Accompanying the swing to pack- 
aged drives has been a great change 
in the basic equipment used for con- 
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Fig. 1—Basic schematics of two types of silicon rectifier variable-voltage drives. 
(A) Constant armature voltage. (B) Adjustable armature voltage. 
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Fig 2—Detailed schematic of adjustable armature voltage drive with control pre- 


amplifier and power amplifier. 


trol and conversion. Rotating 
machinery has, in many instances, been 
replaced by magnetic amplifiers, semi- 
conductor rectifiers, and other equip- 
ment commonly referred to as “static 
devices.” The recent availability of 
silicon power rectifiers has made fea- 
sible for the first time the control of 
large quantities of d-c power through 
the use of static devices. Described 
here are two variable-speed drives in 
which silicon rectifiers are used to 
convert 3-phase a-c for the control of 
d-c shunt motors. Schematics of two 
systems are shown in Fig. 1. 

The drive shown at A in Fig. 1 uses 
a constant voltage on the armature to 
achieve constant horsepower with the 
field control adjustable. This type of 
drive is often used to supply power to 
a number of adjacent machine tools or 
motors. One multi-motor machine tool 
which has commonly been driven by 
constant voltage on the armature is 
the roll grinder. The silicon power 
supply suits this application ideally. 
The second drive (B in Fig. 1) has 


power 


adjustable voltages on both armature 
and field to give constant torque 
through the armature voltage control 
and constant horsepower through the 
field weakening range. 

A more detailed schematic of the 
second drive is shown in Fig. 2. This 
drive is rated at 40 hp. The armature 
supply is essentially a power magnetic 
amplifier using a self-saturating circuit. 
This speeds up the system response 
over that obtainable with plain satu- 
rable reactors. In this design a mag- 
netic preamplifier is used to control 
the main power amplifier. This cuts 
down the size of the power amplifier, 
making it more nearly the size of con- 
ventional transformers. Speed-torque 
curves of this type of system without 
any regulating action are shown in 
Fig. 3. There may be some ap- 
plications which can accept the de- 
gree of speed droop shown. For 
general however, the  regula- 
tion circuits shown in Fig. 2 are 
considered desirable, and are those 
from which the curves shown in Fig. 4 
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are obtained. These curves were taken 
with the /R compensation set to give 
a flat curve at 20 per cent speed. This 
resulted in a droop of about 5 per cent 
at a top speed. Adjustment could be 
made to obtain flat response at any 
speed within the rated range. 

Rectifier Protection. One  prob- 
lem area common to all power supplies 
using silicon rectifiers involves the 
protection of the rectifiers. Some of the 
important points are: 

(1) Silicon rectifiers have a very 
low thermal time constant and over- 
load protection must be fast. If the 
duration of expected overloads will 
exceed the trip time of the protective 
device, the rectifier must be selected 











‘ 


Fig. 3 Speed-torque curves for adjust- 
able armature drive without regulating 
circuits. 














Percent torque 
Fig. 4—Speed-torque curves for adjust- 
able armature voltage drive with volt- 
age regulation and JR compensation. 
Compensation set flat at 20 per cent of 
top speed. 
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to have a continuous rating approach- 
ing that of the overload. By applying 
rectifiers according to their continuous. 
convection-cooled rating, an overload 
of about 200 per cent for 10 to 15 sec 
can be tolerated. 

(2) The very specific inverse voltage 
ratings of silicon rectifiers must not 
be exceeded and some built-in pro- 
tection against surge voltages must be 
provided. 

(3) When 


series for 


rectifiers are used in 
voltages that are higher 
than rated. parallel resistors are re 
quired to insure equal distribution of 
the inverse voltage between the recti- 
fers. 

(4) Silicon rectifiers in parallel re- 
quire 
proper sharing of the load. 

Comparisons. It is too early to 


balancing resistors to insure 


state definitely the advantages of a 
silicon rectifier power drive over one 
using an m-g set. It appears that the 
first cost of a silicon drive will be less 
than or equal to an m-g set for ratings 
of 30 to 200 hp. Below 30 hp, the m-g 
set is apparently less expensive. Sev- 
eral points must be considered with re- 
gard to silicon rectifier vs m-g_ set 
drives: 

(1) The rectifier type of drive is not 
regenerative so that overhauling loads 
must be given special consideration. 

(2) For slowing down on speed 
changes, a resistor must be added to 
provide dynamic braking. 

(3) Momentary peak overloads must 
be considered because of the reasons 
discussed previously. 

(4) No 


need be used because the rectifiers are 


reduced-voltage — starters 


cut off at starting and come on grad- 


ually with verv low inrush OO 


Slotted Laminate 
Guides Spring 
Movement in Aircraft 
Lightning Arrester 


IN DEVELOPING A NEW lightning ar- 
rester for use with the latest probe- 


type aircraft antennas, Joslyn Mfg. 
and Supply Co., Chicago, incorporated 
into the design an unusual “expand 
ing spring” method of fastening the 
unit to the antenna. 

The new arrester (shown in Fig. 1) 
utilizes 15 phosphor bronze spring ele- 
ments to provide a_ slide-in, 
assembly with the tubular 
aluminum radio antenna. The arrester’s 
unique fastener design permits a fast, 
positive electrical connection to the 


press-fit 
plane’s 


antenna. 
Key to the success of this design was 


Fig. 1—The Joslyn AD-1212 aircraft light- 
ning arrester features an unusual expand- 
ing spring device for fastening the unit 
to tubular aluminum radio antennas. 


Fig. 2 
Joslyn arrester is connected to probe-typ: 
radio antenna in jet aireraft tail section. 
Spring-type fastener provides press fit 
assembly with tubular aluminum antenna. 
Phenolite G-7-832 slotted laminate spring 
guide acts as both an electrical insulator 
and a mechanical guide for the 15 phos- 
phor bronze spring elements. 


Schematic drawing shows how 


the selection of the proper material to 
serve as a spring guide. This involved 
both electrical and mechanical con- 
siderations since the part must act as 
an insulator as well as a guide. 

The material chosen for this applica- 
tion was Phenolite G-7-832, a silicone 
glass-fabric laminate made by National 
Vulcanized Fibre Co. Combining good 
electrical and mechanical qualities, G- 
7-832 provides required high physical 
strength, good electrical characteristics 
and superior punchability. Other fac- 
tors affecting its selection were its 
ability to withstand severe vibration 
without fatigue or breakdown and its 
resistance to fungus growth. 
spring 
shown in Fig. 2 are punched from 
0.0625-in. stock and have 15 slots to 
accommodate the spring elements. As- 


The 1.75-in. diam guides 


sembled into the top brass piece, the 
laminate disk rests on a shoulder and 
is staked into permanent position. Once 
the spring elements are assembled 
connected physically and _ electrically 
to the center tube—their ends can be 
moved in and out on a guided, insulated 
path in the slots with no danger of 
touching any other metal surface. 
The Joslyn arrester eliminates light- 
ning hazards by guiding the lightning 
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and speed of operations on both attract and release cycles. Series 495 
The Guardian Series 695-T and its companion relays, all available _ 
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current from struck antennas through 
a preferred path to the structure of 
the aircraft, thereby preventing it from 
entering and damaging interior cit 
iits. To do this, it employs protective 
gaps in a hermetically sealed chambe: 
quipped with a ceramic capacitor. The 
radio 


capacitor permits the flow. of 


energy between the antenna and _ the 
transmitter while. at the same time, 


wting as a barrier to lightning 
discharges. 

Designed to operate at altitudes up 
to 50.000 ft and at temperatures rang- 
+160 F, the light- 


safely discharge 


ing trom 80 to 
ning arrester will 
lightning strokes having peak current 
100.000 amp and 200 


‘ oulombs ‘ harge 


as high as 


Wire Tension Control 
Speeds Insulation 
Extrusion 


EMBODYING A UNIQUE wire-handling 


principle, a new extruding machine 
announced by Jennings Machine Corp. 
produces  Teflon-insulated wire at 
-peeds three times faster than before. 
The machine also increases processing 
quality and gives added production 
flexibility 

The new unit handles wire in a 
inique way through triple-pass vapor- 
izing and sintering ovens to increase 
extrusion speed three-fold without add 
ing to oven length. Optional oven set- 
ups also allow single-pass handling 
for best quality and efficiency. Should 
the wire break, restringing is a minor 
job because saddles on each sheave 
prevent the wire from dropping. 

Improved production flexibility re 
sults from the use of easily interchange- 
able extruder cylinders in sizes of 1. 


114, 2. 214 in. and larger. Thus any 


wire size can be accommodated, with 
reduction ratios always in proportion. 
takes only 20 min 


accomplished by an = un- 


Cylinder change 
and can be 
trained workman. To prevent damage 
to critical parts. the die head positions 
itself in perfect alignment. Guide tube 
construction is heavy and includes a 
micro-adjustment to provide optimum 
wire concentricity without bending and 


skidding. A 


exerts precise pressure on the preform, 


rapid traverse motor 


automatically compacting it and _ re- 
tracting the ram at high speeds. 


Pushbutton controls are convenient- 
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New extruding machine employs electronic tension control for insulating wire with 
Teflon (TFE-fluorocarbon). Machine was developed and is produced by Jennings 


achine Corp.. tiladelphia. Pa. 
Macl Corp.. Philadelpt P 


lv located on a panel next to the 


operator. For extra-sensitive tension 
adjustment. the tensioning capstan is 
electronically controlled. Instantane- 
ous capstan adjustment can he set at 
a precise speed within the range of 
zero to 105 fpm. Positive speed. non- 
slip pull is exerted on spools of any 
size. 

\ fully self-contained unit. the new 
TE-1A Teflon-extruding machine can 
be installed and in operation in a 
plant within eight hours of arrival. All 
that is 


standard plant air and a 6-in. exhaust 


required for installation is 
pipe. No special wiring is needed - 

the machine operates on 220 or 440 
volts, 60 cycle, three-phase a-c. Over- 
wide. 9 ft 


) 


all dimensions are 3 ft 
long and 14 ft high. 


Transistor Speed 
Control in Miniature 
D-C Motor 


ACCURACY of better than one 
part in 20,000 has been achieved by 
Park Products Co., Inc., Cleveland. 
Ohio. in their new line of miniature 


SPEED 


battery-operated d-c motors. The new- 
ly developed motor uses a permanent 
efficient 
field configuration. which is the coil 


magnet roter and a_ highly 
of a transistor oscillator that is nor- 
mally quiescent. A disturbance of the 
rotor induces a signal in a pickup coil 
that is amplified by the transistor. in- 
creasing the base current. This drives 
the transistor to saturation because of 
feedback from the 
coil, The current pulse 


emitter-collector 
so generated, 
plus the inertia of the rotor. produces 
and maintains rotation. Motors using 
as little as 130 microwatts have been 


Regulated-speed d-c motor used in radio 
clock measures 114 x 114 x 1% in. 
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low-cost thern 


The sound design, sturdy construction and rel 
associated with G-V Hermetically Sealed Thermal 
in a low-cost form, fully qualified for industrial ; 
and inexpensive enough for electronic and cor nl nicat 
Delays of 2 seconds to 3 minutes e Energizing ve 
AC or DC. 
e RUGGED STAINLESS STEEL MECHANISM 
Relay mechanism is of stainless steel, differential 
used in all G-V Thermal Relays. All parts are welded in 
integral structure. 
SHATTERPROOF—NO GLASS : 
No glass is used in mechanism, encasing shell, or 
avoids the danger of cracking or breakage in 
STEEL ENCASED HEATERS 
Heating elements are conservatively designed, wound ¥ 
chrome wire on mica and encased in stainless steel, insuring 
heater life even when energized continuously. 
DUST TIGHT ENCLOSURE 
A dust tight metal shell completely enclosing the relay mechanism 
and contacts, crimped tightly to the base, provides complete 
protection for the structure. 
TAMPER PROOF 
Time delay intervals are preset at the factory. Thus changes of 
delay interval in the field which might damage associated equip- 
ment are avoided. 
DIRECTLY INTERCHANGEABLE 
Directly interchangeable with all other octal-size relays. 
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built, with the maximum size largely 
limited by the rating of available 
transistors. 

The motor illustrated is used in a 
transistor radio clock and is designed 
to operate at 300 rpm. Instantaneous 
speed is better than one part in 3600. 
Total error in revolutions in a 24hr 
period can be held to approximately 
one part in 20,000; power input is 
approximately 900 microwatts. The 
output shaft rotates at 2.4 rpm, and 
operating range is 20 to 100 F. 

Power is supplied from mercury 
batteries which will operate the motor 
for more than one year. These motors 
do not produce any radio frequency 
noise and are virtually mechanically 
silent. = Bit 


Hydraulic Power 
From Electric Source 


\ NEW LINE OF low-cost, self-contain- 
ed, versatile power packages produc- 
ing hydraulic power from an electric 
source is now available from Wooster 
Division, Borg-Warner Corporation, 
Wooster, Ohio. The new units incorpo- 
rate an electric motor, hydraulic gear 
pump with integral relief valve, check 
valve and reservoir in one compact 
assembly. Pressure loaded bearings 
automatically compensate for wear to 
assure high volumetric efficiency and 
longer life. Fewer moving parts pro- 
vide longer trouble-free operation and 
less maintenance. 

The new package is designed to 
handle a wide variety of work loads. 
even loads as great as those encoun- 
tered in such heavy equipment as 
snow plows, tailgate loaders. tractors 


Exploded view of power package containing electric motor, 
hydraulic gear pump with integral relief valve, check valve and 


reservoir. 
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and lift trucks. Capacity of the gear 
pump, which is designed to handle 
heavy loads, ranges from 0.36 to 0.80 
gpm. A line of Wooster Division hy- 
draulic control valves, furnished with 
integral relief and check valves, are 
developed for the new package to give 
perfect control of the load in lifting. 
lowering and holding positions, even 
in extreme cases of motor stall. 

Reservoir capacities range from 0.43 
to 1 gal. The reservoir also serves as 
the pump housing. It is made of a 
single piece of deep drawn steel to 
increase strength, reduce weight and 
lower production costs, resulting in a 
product at less cost to the 
customer. 

The motors 
for the new power unit may be open- 
ventilated, totally enclosed or standard 
type motors. They are available for 
operation from a 6, 12 or 24-volt d- 
source, Shaft rotation is available for 
operation in either direction or can be 


better 


developed specifically 


reversible for greater versatility. 


Thermistor Bridge 
in Flexible Air 
Temperature Control 


F. C. LIVINGSTONE 
London, England 


IN THE PAST, the relatively low speeds 
and altitudes of operation of airliners 
and military aircraft made it a simple 
matter to provide cabin air directly 
from surrounding atmosphere. Present 
trends toward higher speeds and _alti- 
airliners create 
structural and control problems in 
cabin pressurization. Air-conditioning 
plants must be compact and light 
weight, but efficient on long flights at 
high altitudes as well as at low allti- 


tudes of jet many 


reservoir, 


The air-conditioning unit with duct 
thermistor temperature control system, 
designed by de Havilland for new jet 
airliners. 


tudes and when stationary on airport 
runways in hot climates. 

With the advent of the jet engine, it 
possible to take cabin air 
directly from the compressor, but it 


became 
became necessary also to 
means of cooling the air. The air-cycle 
cold air unit came into general use 
and aircraft air-conditioning systems 
equipment and 


provide 


became complex in 
control requirements. 

The British aircraft 
Havilland, has developed a_ two-cylin- 
der compressor directly coupled to a 
swash-plate motor operating at speeds 
up to 7000 rpm and providing up to 
7 kw (2 tons) of cooling. A super- 
heater is included in the system to en- 
sure that only dry vapor is drawn into 
the compressor. The temperature-con- 
trol system includes a_ temperature 
selector situated in the cabin, an am- 
plifier, duct thermostats in the form of 
temperature-sensing thermistors, and 
an electro-pneumatic actuator operat- 


company, de 


ing two valves in sequence. One of 
these valves is in the turbine inlet line 
and the other at the outlet from the 
fan of the cold air unit. 

In the electrical control system, the 
duct thermostat serves the dual pur- 


Cutaway view of the Wooster hydraulic power package show: 
pump housing contained within the single-piece deep drawn 
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Cooperative engineering at Merkle-Korff consists not only 
of determining the most economical adaptation of standard 
geared motor units wherever possible, but the creation of 
special drive units where conditions warrant. 

Breakdown tests at Merkle-Korff are intended to develop 
comfortable margins of safety, insuring life in excess of 
normal expectations. Merkle-Korff quality causes many 
tests to be given up long before the motor’s gears and 
bearings are worn out. 


Coincidental with Merkle-Korff’s cooperative engineering 


MERKLE“R ORFF GEAR Coe 


p. mofors it’s — 





program are its precision manutacturing program, with 
use of high quality steels, heat treating, controlled lubri 
cation, close tolerances, continuous statistical 


quality control program. 
Qualified engineering repre- 
sentatives available in all 
strategic industrial centers 
Consultation on your needs 
or requirements is solicited. 
Phone, wire or write 


211 NORTH MORGAN STREET * CHICAGO 7 + ILLINOIS + MOnroe 6-1900 
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pose of stabilizing the system and ot 
preventing the duct temperature from 
exceeding predetermined limits. A 
solenoid controls the electro-pneumati« 
actuator by regulating pressure in the 
actuator cylinder according to the 
signal from the amplifier. 

The temperature-sensing thermistors 
sealed. 


in the ducts are hermetically 


For automatic control of cabin tem- 


perature the resistance of the cabin 


thermistor is compared, in a_ d- 
bridge circuit, with a resistance chosen 
on the selector switch. This switch has 
28 positions in two equal sectors, one 
for manual and the other for automatic 
Each step on automatic con- 


trol represents approximately 2 deg C 


control, 


change in cabin temperature, ranging 
from a low of 0 C to a high of 33 C. 
An unbalance in the bridge circuit re 
sulting from a disparity between  se- 
lected and 


serves to vary the current in the output 


actual cabin temperatures 


of a two-stage d-c amplifier. of which 


the solenoid winding is the plate load 
in the output stage. Varying spring 
pressure applied to the solenoid arma- 
ture is used to achieve proportionality 
between solenoid current and valve 
opening. By means of suitable capac- 
itative networks, the rate of change of 
voltage appearing across one of the 
duct thermistors is utilized as negative 
feedback, serving to stabilize the sys- 
tem and suppress any hunting which 
would otherwise occur. For direct elec- 
trical control of the air valve, a pilot’s 


selector switch is provided. 
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Taped Data Controls 
Steel Shape Cutting 


MICHAEL FARR 
Editor, “Design” 
London, England 


FoR USE IN THE MANY fields that use 
profiled steel plate, such as marine and 
heavy 
Oxygen Gases Ltd. and Ferranti Ltd 
have jointly developed computer-con- 
trolled flame cutting machines. In the 
system, schematically indicated in Fig. 


equipment engineering, British 


1, engineering design data are convert- 
ed to punched tape and then to mag- 
netic tape that is used in controlling 
the cutting machine. The conventional 
route of data from the 
drawing board through various inter 


engineering 
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Computing 


Schematic outline of control elements and sequency of 


id 
nal motion < 
vl 


Longited ia 
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Gos 


Auxiliary functions 


console 


processing of design 


mediary channels down to final ma- 


chine templates is capable of intro- 


Most 


attendant 


ducing errors at many 
of these 


possible errors are 


points. 
stages and their 
eliminated by the 
use Of computer control. 

The cutting machine receives its in- 
tape 


and handled by a tape control console. 


structions from magnetic stored 
Fig. 2. The part to be profiled is de- 
signed and drawn in the conventional 
manner except that instead of dimen- 
sions being shown as lengths between 
given as 


points, all dimensions are 


positions relative to the about 
works. 
information, a 


planning sheet is prepared to carry the 


axes 
which the machine Based on 
the original drawing 
input information for the computer, in 
regarding points of 
change and types of curve in the order 


cluding data 


in which the profiling operations are 


data for automatic 


— 
Planning tee 


Automatic flame 
profiling machine 


flame-profiling machine. 


Tape control and auxiliary fune- 
tions consoles for cutting machine con- 


Fig. 2 
trol system. 
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CALL HEADQUARTERS... 


WHEN YOU NEED 


olass-to-metal seals 


Select your seals from the 
industry's most complete line of 
standard hermetic terminations 


MARCH 1959 


E-I has the answers... offers the important 
economies resulting from standard tooling 
. . experienced design/engineering service 
on custom seals . . . complete service on the 
sealing cf components of your manufacture 
. and a team of qualified sales engineers 
nationwide to assure you of fast, competent 
assistance on special sealing problems. Con- 
sult E-I on standard or custom seals, minia- 
ture and sub-miniature types, single lead ter- 


CRestview 7. 4300 


minals and multiple headers, seals for all 
applications. Call or write for data on E-I 
standard seals, mentioning terminal types in 
which you are interested. Send drawings for 
quotations on custom seals. 


Patented in Canada, No. 523,390; in United Kingdom, 
No. 734,583; licensed in U.S. under No, 2561520 


ELECTRICAL INDUSTRIES 


A Division of Philips Electronics, Inc. MURRAY HILL, NEW JERSEY 
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to take place. The contents of the 
sheet are then coded for the computer's 
use. In the final process the informa- 
tion issues from the computer as mag- 





Fig. 3—On the operating arm of the con- 
trolled cutter are, left to right, nozzle- 
height sensing probe, the cutter, ignition 
electrode and the flame monitoring unit. 


netic tape for control of the cutting 
machine. 

For each operation the center of the 
cutting nozzle, Fig. 3, is located at the 
datum position, normally the origin of 
the system of axes used in planning, 
and the workpiece is located against 
stops that are fixed in relation to the 
datum. The machine then proceeds 
under the sole control of the magnetic 


r 


tape. 


Precision 
D-C Pulse Timer 


\ p-C TIMING MOVEMENT with self- 


contained power source, possessing 


exceptional accuracy over a_ wide 
range of environmental conditions, has 
been developed by the Hamilton Watch 
Company of Lancaster, Pa. The new 
d-c timer is especially suitable for 
light-duty military and industrial ap- 
plications where space and power are 
at a premium. The mechanism incor- 
porates many of the innovations 
evolved by Hamilton in the develop- 
ment of the electric wrist watch. 
Movements for the timer can be sup- 
plied for d-c voltages ranging from 1.5 
to 12 volts. A “C” 
will permit two-year operation. The 
timer is built to last for 20,000 hr of 
maintenance-free movement operation. 


size, 1.5-volt cell 


The size of the new timer is 2.4 in. 
diam x 0.75 in., excluding dial train 
Testing 


and setting stem. indicates 


e “First Electric Wrist Watch,’’ Exvecrnicar 
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+0.01 per cent accuracy at normal 
temperatures, and +0.02 per cent ac- 
curacy over a temperature range of 

1-10 to +110 F and +10 per cent 
voltage variation. 

Contact is made only once per cycle 
of the balance wheel, and impulse to 
the balance wheel occurs when the 
wheel is in neutral position. Double 
contacts on contact spring insure posi- 
tive contact, and small current results 
in long battery life. A diode prevents 
contact spark and increases contact 
life, and an index system geometry in- 
sures abrupt make and break. The 
timer has a four-beat escapement. 

The basic d-c timer unit is available 
in a clear plastic housing, or in a dust- 
proof movement tin for use with iso- 
lated battery source. The timing move- 
ment will be available with light-duty 
switch which is actuated every 12 hr 
with or without resetting. It may also 
incorporate a second switch, which is 
automatically actuated 10 min after 
the first switch to provide extended 
time delay at repeated 12-hr intervals. 

ier 


Electrically generated impulses are ap- 
plied to balance wheel in new d-c timer. 





Molded Polyester Structures in Welding Transformers 


Reproduced below, in their proper sequence, are the two 


Dur TO AN ERROR in printing, two photographs of Kirkhof 
Manufacturing Company transformers were transposed in 


the January issue of ELecrricaL MANUFACTURING (p 166). 


Fig. 2a—Old version of the transformer utilized cast aluminum 
tap switch cover and internal metal structural parts which per- 
mitted the transformer to short out if penetrated by conductive 
contaminants. Tap switch was not an enclosed unit, but was 


Fig. 2b 


assembled to the basic surface of the switch cover. lugs. 
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External 


pictures together with their captions. 


views of the new sealed Power-Pak trans- 
former. Note molded-in channels in tap switch cover which 
prevent water from collecting in the recessed center, and the 
one-piece front cover which seals off spaces between secondary 
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300% MORE FLEXIBLE 


THAN SILICONE VARNISHED GLASS SLEEVING 


Ben-Har ‘1258; a completely new extruded 
silicone rubber insulating tubing, uses a new 
formula and a new (patent pending) extrusion 
process that permits accurate dimensional control. 


700% MORE FLEXIBLE 
THAN TEFLON TUBING 


Ben-Har ‘1258’ is the toughest, most flexible, most resistant and 
resilient unsupported tubing ever developed. It has high tensil« 
strength over 1200 pounds per square inch. It will withstand 
continuous operation from —-85°C. through 260°C. Ben-Har 
1258" has a higher rated temperature performance than conven 
tional Class H tubings that cost more. It is highly resistant to 
heat-aging, never losing its flexibility. Its elasticity permits a snug 
fit over wires and connections. Ben-Har 1258" is resistant to 

1) abrasion 

2) cut-through 

3) corona attack 

4) harmful radiation 


Available in standard wall thicknesses of .015 and .035 in a com 
plete color range. Special dimensions can be custom engineered 


Write for samples and data or ask to see a Bentley, Harris 
representative. 


BENTLEY, HARRIS 
FLEXIBLE SLEEVINGS 


BENTLEY, HARRIS MANUFACTURING CO. 
300 BARCLAY STREET CONSHOHOCKEN 2, PA. 
Telephone, Norristown, Pa.: TAylor 8-7600 
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IRE National Convention 


The program of the 1959 IRE na- 
tional convention, scheduled for the 
Waldorf-Astoria Hotel and New York 
Coliseum on March 23-26, will include 
a special symposium on “Future Devel- 
opments in Space.” Present develop- 
ments, too, will receive a good deal of 
attention in two additional sessions 
devoted to space electronics. 

Two new entries of unusual interest 
included in the program are a sym- 
posium on “Psychology and Electronics 
in the Teaching-Learning System,” and 
i session on “Theory and Practice in 
Russian Technology.” Other sessions 
include such topics as “Widening Hori 
zons in Solid State Electronics.” 


“Frontiers of Industrial Electronics,” 
Man-Machine 
Military Electronics Looks Forward 
At the Coliseum, 850 exhibitors will 


display the latest developments in ex- 


System Design,” and 


hibits to be grouped as follows: Floor 
1, Systems; Floor 2, Components; Floor 
3. Instruments; Floor 4, Production. 
Convention activities begin on Mon- 
day morning. March 23. with the an- 
nual meeting of the IRE at the Wal- 
dorf. Social activities include a get-to- 
gether cocktail party Monday evening 
and the annual banquet Wednesday 
evening, March 25, at which the 1959 


IRE award winners will be honored. 


Eleventh Western Metal Exposition 

to Feature Electronics 

The Eleventh Western Metal Exposition 
will be held March 16-20 at the Pan- 
Pacific 


New metals, 


Auditorium in Los Angeles. 


machinery. fabrication 
processes and technical information on 
new electronics developments and 
production will be features of the 
exhibits. 

The technical sessions of March 17 
and 18 (to be conducted by the Metals 
Branch, Southern California Section of 
Mining. 
Metallurgical and Petroleum Engi- 
neers, part of its Western Metal Con- 


the American Institute of 


will program three important 
“The Physical Chemistry 
Harvey Win- 
ston, Hughes Products Group, Hughes 
\ireraft Co.. Los Angeles; “A Review 
of Principles of Thermo - Electric 
Engines and Materials,” by P. H. 
Miller, Jr.. General Atomic 
General Dynamics Corp.. San Diego: 


gress) 
discussions: 


of Semiconductors.” by 


Division, 


and “The Use of Semiconductors and 


168 


Mixed Valency Compounds in Thermo- 
Elements.” by W. D. Johnston, West- 
inghouse Research Laboratories, Pitts- 
burgh. AIME sessions will be held in 
the Ambassador Hotel. 


Human Engineering Institute 
Program Set for May 19-22 


Dunlap and Associates, Inc.. will 


present its Seventh Annual Human 


Engineering Institute from May 19 to 
22 at Stamford, Conn. 

The program will deal with human 
capabilities and limitations as _ they 
relate to the design of complex man- 
equipment 


machine systems, specific 


items, consumer products, and work- 
places with particular attention being 
given to practical aspects of the ap- 
plication of human engineering prin- 
ciples to development and design 
projects for industry and the military. 

This year’s program includes: meth- 


odology and _ scientific background 
pertinent to the field of human engi- 
neering, systems concepts and planning, 
measurement and experimental techni- 
ques, designing for human inputs and 
outputs. implementing human engineer- 
ing design recommendations, and 


establishing groups responsible for 
human engineering. 

Registration fee of $275 includes text 
information 
should — be Robert T. 


Eckenrode, Dunlap and Associates. 
Inc., 429 Atlantic St., Stamford, Conn. 


material. Requests for 


addressed to 


ASTM To Organize Division on 
Materials Sciences 

A new Division on Materials Sciences 
will be organized by the American 
for Testing Materials to co- 
ordinate and intensify the development 


Society 


of knowledge of the fundamentals of 
materials. 

Recognizing the importance of plac 
ing more emphasis on fundamentals in 
view of the rapid growth of technology, 
the society has published hundreds of 
technical papers and symposiums deal- 
ing with problems which are funda- 
mental to our knowledge of why 
materials act the way they do. For 
publication just being 
issued, “The Mechanism of Fatigue.” 


example, a 


deals almost entirely with the funda- 
mentals of this phenomenon. The 
extensive nation-wide studies of corro- 
sion-resistant properties of materials. 


on effect of temperature on metals, and 


many activities carried on in technical 
committees contribute to fundamental 
knowledge. The studies also reveal 
areas where more basic information is 
needed. 

It is expected that members of this 
new ASTM division will include many 
now active in ASTM committee work, 
as well as other members of the society. 
Invited to participate will be other 
leaders in science who are concerned 
with the basic problems involved. 
Actual development of the division has 
been entrusted to a group of four 
officers: president. K. B. Woods, head, 
School of Civil Engineering, Purdue 
two ASTM vice presidents, 
F. L. LaQue, vice-president and mana- 


University : 


ger, Development and Research Divi- 
sion, The International Nickel Co.. Inc., 
and A. Allan Bates, vice-president of 
research and Portland 
ASTM ex- 


Painter. 


dey elopment, 
Cement Association: and 


ecutive secretary Robert J. 


New National Officers for SPE 

The Society of Plastics Engineers, Inc., 
installed the following national officers 
for 1959 at SPE’s 15th annual technical 
conference: national president, Fred 
C. Sutro, Jr., Spencer Chemical Co., 
Kansas City, Mo.; first vice president, 
George W. Martin, Holyoke Plastics 
Holvoke. Mass.: 
president, Jules W. Lindau, II, South- 
ern Plastics, Inc., Columbia, S. C.; 
secretary, Frank W. Reynolds, IBM 
Corp., Endicott, N. Y.; and treasurer, 
Haiman S. Nathan, Atlas Plastics, Inc., 


Buffalo, 10, N. Y. 


Corp., second vice 


NEMA Issues New Terminal Standards 
The Automatic Temperature Controls 
Section of the National Electrical 
Manufacturers Association has issued 
a quick-connect terminal standard that 
calls for 14-in. size and assures manu 
facturers of electric ranges, room air 
conditioners and other heating and 
cooling equipment in which automatic 
temperature controls are used that 


such terminals will provide positive 
connection. 

NEMA standardization is expected 
to make such terminals more readily 
acceptable to UL and to industry and 
to end the confusion and undue ex- 
pense heretofore experienced by sup- 
quick connect 


pliers and users of 


terminals. 


Permanent Magnet Makers Organize 
Magnet Producers 
Association, with headquarters at 27 
East Monroe St., Chicago 3, Ill, has 
been organized to expand the program 


The Permanent 


of magnet standardization with respect 


to magnetic and physical properties 


and to collect and disseminate reliable 
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TYPICAL CURVE PLASTIFORM 1 


1. GOOD MAGNETIC PROPERTIES 2. MACHINABILITY 3. ADAPTABILITY 
4. HIGH IMPACT STRENGTH 5. LOW COST 6. NON-CONDUCTIVE 


Leyman Plastiform1 is a new material which possesses excellent magnetic qualities, 
comparable to those demonstrated by sintered isotropic barium ferrite, yet which 
may readily be cut by edge tools. While other magnetic materials have possessed 
either of these features individually, this to our knowledge is the first material 
displaying both. 


& AVAILABLE IN THE SIZE AND FORM YOU DESIRE 


This new substance can be supplied to you in virtually any form or in standard 
stock sizes. Because of its machinability, permanent magnets can be produced 
without casting or grinding in shapes which were unknown with conventional mate- 
rials. Plastiform 1 has a high impact strength and does not chip in use. Further, 
its relatively low specific gravity is of particular advantage where a lightweight 
magnet is required. 


wy ANISTROPIC--BUT PRICED COMPETITIVELY WITH ISOTROPIC MATERIALS 


Plastiform 1 is an anistropic, rather than isotropic, material and correspondingly 
displays the superior magnetic characteristics available only wth anistropic mate 
rials. However, because of the invention and development of a new method of 
manufacture, for which a United States Patent is now pending, large practical 
economies in production have been effected. Consequently Plastiform 1 can be 
offered at prices competitive with those at which ordinary isotropic materials 
are sold. 


A For further information write to: Leyman Corporation, Magnetics Division 


PLASTIFORM...a product of 


LEYMAN CORPORATION: Magnetics Division 
5145 Crookshank Road, Cincinnati 38, Ohio 
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Electric clutch performs 
dual function in control rod drive 
for nuclear reactor 


Ingenuity is illustrated in the way Warner 
SF-400's are applied in this control rod drive 
in the Alco-built packaged power reactor at 
Fort Belvoir, Va. They provide both free- 
wheeling emergency release and automatic 
positioning of rods that operateasa “throttle” 
to control rate of reactivity 

During normal operation, clutches are con- 
stantly engaged—lowering and raising rods 
of neutron-absorbing material to carefully 
calibrated positions within the reactor. Motor 





Control Rod 


“Tah 


Labyrinth Seal 


Overrunning 


Clutch a 


Electric Clutch 


Seal Feed 


Seal Drain 
Gear Motor 


Limit Switch Drive Shaft 











torque is transmitted by the rotor which is 
bushed and running free on a thru shaft, to 
the armature, mounted to the outer member 
of an overrunning cam-type clutch. Rods 
are positioned by the electric clutch acting 
through the overrunning clutch. 

In “‘scramming,” the electric clutch flux 
circuit is de-energized, instantly breaking the 
connection between drive motor and control 
rod shaft. This lets the rods drop into the 
reactor. At the same time, the drive motor 
starts rotation in a downward direction. And, 
any obstruction of the rod causes engage- 
ment of the overrunning clutch, which then 
transmits full motor torque to the control 
rod drive shaft. 

Reliability tests put the Warner clutch 
through 60,000 scram cycles. In another 
test, rods were left in one position for periods 
of up to two months and then ‘‘scrammed” 
to see if temperature, humidity, or pressure 
affected reliability. (It didn’t.) 


Warner stationary-field clutches 
If you need dependable, split- 
second operation and precise 
control for positioning, over- 
load protection, no-load start- 
ing, smooth acceleration, or 
precise synchronization of low-torque drives, 
Warner fractional horsepower or miniature 
electric clutches may be the answer. 


‘ 


WANT MORE IDEAS? Warner will show 
you factual case histories demonstrating how 
electric brakes and clutches can be used to 
solve your problems. 


— 
WARNER 
Cin. all 


Warner Electric Brake & Clutch Co. 


Beloit, Wisconsin 


ELECTRIC BRAKES 
AND CLUTCHES 
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Mar. 16-20 Eleventh Western 
Metal Exposition and Congress, 
sponsored by the ASM and other 
technical groups, Pan-Pacific Audi- 
torium and Ambassador Hotel, Los 
Angeles, Calif. 


Mar. 23-26—IRE National Con- 
vention, Coliseum and Waldorf- 
Astoria Hotel, New York. 


Mar. 26—Fifteenth Annual Quality 
Control Clinic, sponsored by Roch- 
ester Society for Quality Control, 
Univ. of Rochester, Rochester, N. Y. 


Mar. 31, Apr. 1, 2—Ninth Inter- 
national Symposium on Millimeter 
Waves of Polytechnic Institute of 
Brooklyn, Microwave Research In- 
stitute, Engineering Societies Audi- 
torium New York City. 


Apr. 1—28th Annual Meeting, Inter- 
Society Color Council, Statler-Hil 
ton Hotel, New York City. 


Apr. 5-10—5Sth Nuclear Congress, 
Cleveland, Ohio. Sponsored by EJC, 
PGNS of IRE. 


Apr. 20-21—New Techniques in 
Electrical Industrial Instrumenta- 
tion, Philadelphia, Pa. Sponsored 


by PGIE of IRE, AIEE. 


Apr. 20-22-—15th Annual Meeting 
and Powder Metallurgy Show, Metal 
Powder Industries Federation, Sher- 
aton-Cadillac Hotel, Detroit. 


May 3-7—115th annual meeting, 
Electrochemical Society, Hotel Sher- 
aton Plaza, Philadelphia, Pa. 


May 4-6—National Aeronautical 
Electronics Conference, Dayton- 
Biltmore Hotel, Dayton, Ohio. 


May 5-7—URSIT (International Ra- 
dio Scientific Union) Spring Meet- 
ing, Washington, D. C. 


May 6-8—Electronic Components 


technical information as an aid for the 
designer using permanent magnets. 
Objectives and activities will also 
include industry-wide programs to en- 
courage and expand the use of per- 
manent magnets. PMPA will also 
provide a forum for the discussion of 
industry problems such as_ specifica- 
tions and relations with other associa- 


Conference, sponsored by AITEF, 
EIA, IRE and WCEMA, Ben Frank- 
lin Hotel, Philadelphia. 


May 11-13—AIEE, ASME, IRE 
Joint Conference on Automatic 
Techniques, Pick Congress Hotel, 
Chicago, III. 


May 18-20-—Fifth Annual Sym- 
posium on Instrumental Methods of 
Analysis, Analysis Instrumentation 
Division, Instrument Society of 
America, Shamrock-Hilton Hotel, 
Houston, Texas. 


May 18-20 Electronics Div., 
American Ceramic Society, Palmer 


House, Chicago, Ill. 


May 25-27-—National Telemetering 
Conference, “Investigation of 
Space,” sponsored by AIEE, Amer. 
Rocket Soc.., Inst. of Aero. Sciences 
and Instrument Soc. of 
Brown Palace and 
Hotels, Denver, Colo. 


Amer.., 
Cosmopolitan 


May 25-28—4th Design Engineer 
ing Conference & Show, Convention 


Hall, Philadelphia, Pa. 


June 7-11—Amer. Soc. of Heat- 
ing & Air-Conditioning Engineers. 
semi-annual 


Bot. 


meeting, Vancouver. 


June 15-20-—-IRE Symposium on 
Electromagnetic Theory, University 
of Toronto, Ontario, Canada. 


June 16-18 IRE International 
Symposium on Circuit & Informa- 
tion Theory, Univ. of California, 
Los Angeles. 


June 21-26—Amer. Soc. for Test- 
ing Materials, annual meeting, 
Chalfonte-Haddon Hall Hotel, At 
lantic City, N. J. 


June 22-24 Amer. Soc. of Re- 
frigerating Engineers, annual meet- 


ing, Lake Placid Club, N. Y. 


tions and with technical societies. 

R. J. Studders, magnetic materials 
section, General Electric Co., Edmore, 
Mich., was elected president of the new 
group. William G. Scharnberger, Cru- 
cible Steel Co. of America, Harrison, 
N. J., was elected vice president, and 
W. E. Gilman, General Magnetics 
Corp., Chicago, Ill., was elected treas- 
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The latest refinement in a long-tested, proved 
and improved explosion-proof combination 
Motor Starter & Circuit Breaker, this new 
Crouse-Hinds Condulet® EPC-M59 brings you 
tomorrow’s convenience, dependability and 
safety at yesterday’s prices. 

Designed to conform with the National Elec- 
trical Code requirements for Class I, Groups C 
and D; Class II, Groups E, F and G; and Class 
III, it provides for built-in breathers and drains 

. built-in push-button stations, selector switch 
and pilot lights . . . seven taper-tapped conduit 
entrances . . . starter below breaker for safe, 
easy maintenance . . . compact design to permit 
a greater number of controls in any given area. 





Now available in 7” and 9” sizes for Sizes 1 
and 2 starter combinations. For more detailed 
information consult your Crouse-Hinds dis- 
tributor, or any of the offices listed below. 


CROUSE@HINDS 


MAIN OFFICE AND FACTORY: SYRACUSE, NEW YORK 


C 
@ CONDULET® ELECTRICAL EQUIPMENT (Explosion-Proot and Conventional) © FLOODLIGHTING 
@ TRAFFIC CONTROL SYSTEMS @ AIRPORT LIGHTING and WEATHER MEASURING EQUIPMENT 
These products are sold exclusively through electrical distributors. For application engineering age contact 
one of the following offices 


rk Y 
F j, Ore F 
Resident Representatives; 
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ST ER RETR, 


Approximately 1% actual size 


HOW A 
“BROKEN ARM” 
WAS CURED... 


... With miller 


PHOSPHOR BRONZE 


Problem: How to form the intricate bend in 
this contact arm—without fracturing—and 
still use a spring temper material with good 
properties of resiliency. This was the prob- 
lem that faced a precision stamper* in pro- 
ducing the arm for a leading manufacturer 
of elec'rical equipment. 


Each alloy tried was subject to fracture . . . 
until Miller came along with 200-PLUS 
Phosphor Bronze, a spring temper alloy 
with a forming ability that permitted the 
most exacting bend—without fracturing— 
and with qualities of resiliency that actually 
exceeded the requirements of the job. 


Result: The fracturing problem was licked 
... the supplier was able to improve on the 
part specifications ... not a single tooling 
change was necessary. 
*Name and case history on request 

eee 
Sound like one of your problems? The 
chances are good that Miller specialists can 
help you solve it—with either a standard 
alloy or one specially tailored to your re- 
quirements. Contact your Miller man. 


WRITE FOR FREE CATALOG 


ROLLING MILL 
DIVISION 


THE MILLER COMPANY 
MERIDEN, CONN. 


urer. Harry Dolan was appointed 


executive secretary. 


Mid-America Electronics Conference 
The Eleventh Annual Mid - America 
Electronics Conference will be held in 
the Kansas City Municipal Auditorium 
and Hotel Muehlebach November 3-5. 
Notice is given that technical papers 
are wanted on engineering manage- 
ment, engineering education, astronau- 
tics, electro-magnetics, nucleonics, air- 
borne elec tron Ss. medical electronics. 
and other electronic subjects. Ab- 
stracts of approximately 100 words 
should be sent not later than July 1 
to Dr. Sheldon L. Levy, Midwest 
Research Institute. 425 Volker Blvd., 
Kansas City 10, Mo. 


Electrical Standards Committee 

of NMTBA Appointed 

Appointment of a new chairman and 
four new members of the Electrical 
Standards Committee of the National 
Machine Tool Builders’ Association has 
been announced. 

Nelson P. Bashor, director of the 
Electrical Controls Division of W. F. 
& John Barnes Co., Rockford, ITll., 
becomes committee chairman, succeed- 
ing Joseph I. Ehrhardt of Ex-Cello-O 
Corp., Detroit. 

Other new appointees to the NMTBA 
Electrical Standards Committee are: 
N. Albert Anderson, chief electrical 
engineer, Grinding Machine Division, 
Norton Co.; Leland S. Inscho, elec- 
trical enginner, Pratt & Whitney Co., 
Ine.; Jack North, electrical engineer, 
Micromatic Hone Corp.; and Kenneth 
Fk. Smith, electrical engineer, The 
Foote-Burt Co. 


Relay Manufacturers Association 

Elects J. L. Pfeffer 

John L. Pfeffer, president of Struthers- 
Dunn, Inc., Pitman, N. J., was elected 
president of the National Association of 
Relay Manufacturers at the organiza- 
tion’s annual meeting held in January 
in Los Angeles. He had been for two 
vears the association’s vice president. 


1959 PGMTT National Symposium 

The 1959 National Symposium is sched- 
uled by the Professional Group on 
Theory & 


Boston Section, in cooperation with the 


Microwave Techniques. 
Division of Engineering and Applied 
Physics, Harvard University, June 1 
through 3. 1959, at Harvard University. 
Cambridge. Mass. Three days of tech- 
nical sessions will cover the latest ad- 
vances in microwave theory and tech- 
niques, microwave components, physics. 
and systems. Speakers will present the 
latest in parametric amplifiers, masers, 


2-.WHERE PHOSPHOR BRONZE IS THE MAIN LINE=NOT A SIDELINE | ferrites. and other areas. 
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Miniature Soldiers. Army ants carry 
out intricate maneuvers of wheeling, flank- 
ing, and envelopment with faultless preci- 
sion. Their columns are led by ‘‘majors’’, 
preceded by Raids are con- 
ducted by 


paigns, they form ‘“‘bivouacs’’. Army ants 


*“scouts’’. 


‘*skirmishers'’. Between cam- 


are nature's tiny troopers. 


Miniature Ball Resolver, approxi- 
mately 3¥@” x 2%” O.D. continuously cal- 
culates position of aircraft and missiles 
traveling at supersonic speeds. MPB bear- 
ings at critical points keep torque low, and 
help make possible an accuracy of 0.33 
of 1%. This is another man-made miracle 
im miniaturization. 


Man with Miracles. This is Jim 
Mitchell, one of MPB's technical represent- 
atives, whose close liaison with the manu- 
facturer of the ball resolver facilitated its 
design and development. MPB's technical 
staff, most experienced in its field, can as- 
miniaturized 


sist you with your own 


miracles. 


New Worlds for £3 Miracles in Miniaturization 


R SHOWN ABOV 


ACTUAL SIZE OF THE MPB BEARINGS IN BALL RESOLVE 


Every day man’s advances, both on this planet 
and beyond, are opening new and challenging 
areas of application for miniature components 
and mechanisms. And at each step forward, 
MPB is ready to help with research, engineer- 
ing and manufacturing facilities unsurpassed 


in the miniature bearing industry. MPB makes 
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more than 500 types and sizes of bearings 
ranging from ¥%” O.D. down. . . designed to 
meet requirements of the most exacting na- 
ture. Specials are developed on request. For a 
confab on design problems or our latest catalog 
write Miniature Precision Bearings, 
Inc., 603 Precision Park, Keene, N. H. 
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MINIATURE PRECISION 


VFB 


BEARINGS. INC 


Helps you perform miracles 
in miniaturization 


eee ween aeeeeees, 








ane COE ELICTS, 


..AND ANOTHER 


Silicon Rectifier 


FROM 


FANSTEEL 


Silicon Power Rectifier 


FANNTEEL 
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Men in Industry 





Bernard J. O'Neill, previously chief 
engineer, has been named vice-president 
in charge of engineering at Magnetic 
Amplifiers, Inc., New York, where he 
will supervise research on new solid- 
state systems and products. 


Humboldt W. Leverenz has been 
named director of research, RCA Labo- 
ratories. A pioneer in research on 
luminescent materials, he will be re- 
sponsible for the general administra- 
tion of the RCA _ Laboratories re- 
search program at the David Sarnoff 
Research Center in Princeton, N. J., 
the laboratories at Riverhead and 
Rocky Point, N. Y., and Zurich, Switz- 
erland. Mr. Leverenz joined the cor- 
poration in Camden, N. J. in 1931 as 
a chemico-physicist. In 1940 he re- 
ceived the Modern Pioneer Award of 
the National Association of Manufac- 
turers. He was awarded the Frank P. 
Brown Medal of the Franklin Insti- 
tute in Philadelphia in 1954 for his 
contributions to the development of the 
fluorescent lamp. 


Robert R. Bennett lias been appointed 
program director for the Minute-man 
intercontinental ballistic missile system 
at Space Technology Laboratories. 
Inc., in Los Angeles, Calif. He has 
been with Space Technology Labora- 
tories since 1954. In 1949 Dr. Bennett 
joined the Missile Laboratories of 
Hughes Aircraft Co., where he devel- 
oped extensive computing and simula- 
tion facilities and worked on develop- 
ment of guidance and control systems 
for the Falcon missile. 


Two appointments were announced 
by Acoustica Associates Inc. in Los 
Angeles, Calif. Richard B. Houghton was 
appointed program director for the 
Atlas missile, and John Thomas was 
named director of operations. Both men 
have broad military, engineering and 
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industrial backgrounds. Mr. Houghton 
joined Acoustica May 1958 after head- 
ing the Atlas propellant utilization 
group at Convair Astronautics for five 
years and Mr. Thomas came to the 
company in March 1958 from the Air 
Force Ballistic Missile Division where 
he served as senior project officer. 


Thomas H. Thomason has been ap- 
pointed test engineering manager for 
the Berkeley Division of Beckman In- 
struments in Richmond, California, 
where he will direct the company’s 
program of research and engineering 
on electronic test instrumentation and 
industrial control apparatus. 


Ben A. Swennes has been named a 
vice president and director of engineer- 
ing of Ingersoll-Kalamazoo Division of 
Borg-Warner Corp. in Kalamazoo, 
Mich. Ingersoll-Kalamazoo Division 
manufactures guided missile boosters, 
rocket motor cases, and materials han- 
dling equipment. 


Leonard J. Ortino has joined Radio 
Corporation of America as leader at 
their defense electronics products op- 
eration at Moorestown, N. J. He was 
formerly chief mechanical engineer for 
Beckman Instruments, Inc. at Fuller- 
ton, Calif. In his new position, he will 
assist the chief mechanical engineer 
in coordinating mechanical engineering 
and design activities. 


Gail B. Rathbun has been named en- 
gineering manager for electrical prod- 
ucts at Westinghouse Electric Corps’. 
Sunnyvale, Calif. division. He succeeds 
Joseph H. Cox, who has retired. 


C. E. Oelker has been appointed di- 
rector of engineering for the Cincinnati 
division of Bendix Aviation Corp. He 
was formerly manager of missile sys- 
tems for the Crosley division of the 
Aveo Manufacturing Corp. From 1951 
to 1955 he was on the engineering staff 
of General Electric and was responsi- 
ble for the technical direction of an 
instrument development unit. 


John T. Castles has been named man- 
ager of General Electric Company’s 
Chemical Development Operation. He 
was formerly manager of sales for the 
Silicone Products Department of GE 
at Waterford, N. Y. Mr. Castles. who 
will be responsible for conducting 
product and process development on 
new materials, for maintaining rela- 
tions with company. industrial and 
government laboratories, and for the 
evaluation of opportunities for new 
materials, will maintain headquarters 
at 1285 Boston Ave., Bridgeport, Conn., 
although the process and product labo- 
ratories of the operation will continue 
to be located at Pittsfield, Mass. 
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NOW...125°C. 


OPERATING TEMPERATURES 


TWICE THE 
CAPACITY 


Capacity has been increased 
as much as 100% without 
increasing case size. Four 
convenient case sizes cover the 
broadest and most complete 
list of ratings available. 


THE NEW FANSTEEL 
S-T-A 
Solid Tantalum Capacitor 


It’s another step by Fansteel to provide a complete 
range of Solid Tantalum Capacitors designed to meet 
the ever-increasing needs for greater capacity in sub- 
miniature sizes. 

It’s available in capacity ranges of .0047 to 330 mfd 
... from 6 to 60 volts (wvdc). 

Assures unfailing reliability where extremely small 
size, higher capacitance and extended operating tem- 
peratures are required. 


S-T-A CASE SIZE 





Series Length 





-250 
438 
-650 
750 
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Company Briefs 





American Enka Corp. has agreed to 
purchase the business of the William 
Brand & Co. Inc., a producer of plastic 
insulated wire and cable in plants at 
North Windham and Willimantic, Conn. 
and Santa Monica, Calif. American 
Enka manufactures rayon and nylon 
and the acquisition of William Brand 
& Co. is the second step in a diversi- 
fication program started in 1957, Last 
year it acquired the Rex Corp. of West 
Acton, Mass., another producer of wire, 
cable and insulating material. 


Electro-Optical Division is the new 
name for the division of Perkin-Elmer 
Corp.. Norwalk, Conn., that produces 
missile range instrumentation, infrared 
systems, precision optics, reconnais- 
sance systems and lenses, and other 
electronic-optical systems. It was form- 
erly called the Engineering and Optical 
Division. Recent projects completed 
include the giant ROTI optical missile 
tracking systems currently in use on 
the Atlantic missile range and produc- 
tion of the optical systems for the IGY 
satellite-tracking cameras. 


Sprague Electric Co., North Adams. 
Mass., has purchased the magnetic 
component and filter product lines of 
the Hycor Division of the  Interna- 
tional Resistance Co. of Philadelphia 
and will take over the manufacture of 
the various Hycor products lines in- 
cluding magnetic amplifiers, saturable 
reactors, high-frequency — electronic 
power transformers, toroids, decade 
inductors. low-pass and precision band- 
pass filters. telemetering filters, and 
broadcast and sound recording pro- 
gram equalizers formerly made by the 
IRC Division at its Sylmar, Calif. plant. 
Manufacturing equipment is being 
transferred to Sprague plants in Vis- 
alia, Calif. and North Adams, Mass. 
IRC Hycor Division will continue 
manufacture of precision resistors, 
which are not involved in the sale to 
the Sprague company. 


Rome Cable Corp. and Aluminum Co. 
of America have announced plans to 
afhliate. The agreement is contingent 
upon the approval of Rome share- 
holders who will meet March 25. The 
two companies plan to combine their 
electrical conductor, conduit and ac- 
cessory activities in a new company 
to be called Rome Cable Co. which 
operates manufacturing plants at Rome. 
N. Y.. Torrance, Calif... and College 
ville, Pa., and is best known for its 
broad line of quality insulated wire 
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and cable products (chiefly made of 
copper), steel conduit and other wiring 
systems. 

Alcoa has pioneered the development 
of aluminum as an electrical conductor 
and produces aluminum wire and cable, 
bus conductors and accessories, con- 
duit and windings of aluminum sheet 
and foil for transformers and con- 
densers. 


The merger of Eastern Air Devices 
Inc., Dover, N. H., into Norbute Corp., 
principal industrial subsidiary — of 
Crescent Petroleum Corp., New York. 
is announced by Hugh G. Hamilton, 
EAD president, who continues as head 
of Eastern Air Devices division which 
will operate autonomously in coopera- 
tion with other divisions of the Norbute 
system. 


Acquisition of 15,000 sq ft of space 
at 187 Dean St., Norwood, Mass., 
specially designed for the manufacture 
of airport surveillance radar antenna 
systems by Gabriel Electronics Division, 
The Gabriel Company of Needham 
Heights, Mass., has been announced. 


Palmer Associates, 55 Hall St., Brock- 
ton, Mass., has established a plant to 
manufacture glass-to-metal seals, with 
Victor R. Palmeri as technical director. 


The new owners of Pennsylvania 
Range Boiler Co., Philadelphia, Pa. have 
announced that the company will soon 
acquire additional facilities for the ex- 
pansion of its production of gas and 
electric water heaters. William K. 
Goldstein is president of the new com- 
pany, succeeding Morgan S. Kaufman, 
who is retiring. 


Trio Laboratories, Inc., designers and 
manufacturers of miniature precision 
electronic instruments, has moved to 
new quarters at Plainview, N. Y., where 
its new 16,000 sq ft plant represents a 
four-fold expansion of facilities. 


Two new commerical product divi- 
sions of Raytheon Manufacturing Co. 
include the equipment and system divi- 
sion and the industrial apparatus 
division, formed from the former com- 
mercial equipment division. The equip- 
ment and systems division will con- 
centrate on complete equipment and 
systems ready for end users. Products 
will be electronic, elec tric al or elec- 
tromechanical in nature and of a com- 
mercial type. Marine, communications, 
and industrial precipitator lines will 
form the initial core of this division, 
with engineering and production facil- 
ities in Waltham, Mass. and South San 
Francisco, Calif. 

The industrial apparatus division, 
which maintains headquarters, engi- 
neering and production fecilities in 
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TANTALUM... 


The world’s largest Sendzimir 
Mill used in tantalum 
production. This mill, in the 
Fansteel North Chicago plont, 
regularly prodvzes 0.0003 inch 
thick Capacitor Grade Tantalum 
Foil in continuous strip. 


ANTALUM, one of the most difficult of all metals 
i produce, stayed tightly locked in its ore for 
101 years following its discovery as an element. Al- 
most no acid would attack the material, yet almost 
any gas would readily combine with it at tempera- 
tures above a dull red heat. In fact, it was named 
Tantalum because it tantalized the nineteenth cen- 


tury chemists who tried to refine it. 


But, in 1922, Fansteel unlocked the door to exten- 
sive commercial use of this unusual metal. It was 
then that Dr. Clarence W. Balke, Fansteel’s Director 
of Research, perfected the first practical method for 
commercially producing tantalum. Dr. Balke suc- 
ceeded where many other scientists had failed. He 
combined the techniques of chemistry, electrochem- 
istry and powder metallurgy to separate tantalum 


from its ore compounds. 


Now, the properties which caused tantalum to be 
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so difficult to make, have become the very properties 
so useful to the electronics industry. They were espe- 
cially significant in Fansteel’s development of the 
tantalum capacitor. Fansteel Tantalum answered the 
need for a material to provide high reliability, low 
leakage, long life and stability in capacitors. 


Out of the research at Fansteel came a grade of 
tantalum especially suited for use in tantalum capac- 
itors. This grade has been undergoing independent 
development for several years, and is still being im- 
proved. Today, Fanstec! Capacitor Grade Tantalum 
is used by all leading manufacturers of tantalum 
capacitors to assure complete reliability in their prod- 
ucts. This exceptional metal embodies a quality that 
only the experience of Fansteel research can produce. 
Fansteel Metallurgical Corporation, Rectifier-Ca- 
pacitor Division, North Chicago, Illinois. 
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Waltham, Mass., and Hooksett, N. H., 
will concentrate on “building block” 
components and apparatus that can be 
used by other manufacturers; magnetic 
components such as power supplies, 
voltage regulators and transformers; 
spot welding equipment, ultrasonic im- 
pact grinders, and control devices; 
microwave heating and other apparatus 
components including knobs and elec- 
trical hardware. 


Entrance of Saco-Lowell Shops, manu 
facturers of textile machinery and 
automotive parts, Boston, Mass., 
the field was announced 
with purchase of Servo Dynamics Corp. 


N.H. A.R. Abbott. 


president of Servo Dynamics. will con- 


into 
electronics 


of Somersworth, 


tinue as operating head of the new 
Saco-Lowell subsidiary which 
factures servo motors, tach 


and amplifiers. 


manu- 


generators 


Control of the Reed Instrument 
Bearing Co., Los Angeles, has been ac- 
quired by SKF Industries, Inc., Phila- 
delphia. Reed Instrument will operate 
as a division of SKF with O. M. Berge- 
thon as its general manager. 


Engineering 


Standards 





ASA Standards 
{revision of American Standard 
B27.1—Lock Washers has been ap- 
proved by the ASA and published by 
ASME. The main changes in the revi- 
g to 3 in. have 
light 
tolerance on 


sion are these: sizes 1 
added to the 

spring-washer — series; 
thickness of spring 
has been added; and specifications for 
- and - lock ° 


semblies have been included. 


been and _ heavy 


nominal washers 


hardened screw washer as- 

Copies can be obtained at $2.00 each 
either The American Society of 
Mechanical Engineers, 29 W. 39th St., 
New York 18, N. Y., or from the Amer- 
70 E. 45th 


from 


ican Standards Association, 

St., New York 17, N. Y. 
Two American Standards have 

published by ASA: 
C82.1-1958 (2nd Ameri- 
can Standard Specifications for Flu- 
orescent Lamp Ballasts. 
C82.2-1958 American = Standard 
Methods of Measurement of Fluores- 
cent Lamp Ballasts. 


heen 


edition) 
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Copies are available at $1.00 each 
from ASA. 


A new American Standard, designat- 
ed C80.4-1958—Specification for Fit- 
tings for Rigid Steel Conduit and 
Electrical Metallic Tubing, was devel- 
oped by Committee C80, steel raceways 
for electric wiring systems, operating 
under ASA procedures. The project is 
jointly sponsored by the American 
Iron and Steel Institute and NEMA. 
Copies are available at 80¢ each from 


ASA. 


American Standard B53.1-1958—Re- 
frigeration Terms and Definitions, ap- 
proved by the ASA and published by 
The American Society of Refrigerating 
Engineers, contains an index to classi- 
fications, an alphabetical index, and a 
classified list of words and definitions. 

Copies are available at $1.25 
copy 


per 
from ASA or from The American 
Society of 


New York. 


Refrigerating Engineers, 


ASTM Standards 


For 2] ASTM Committee D-20 
on Plastics has been developing speci- 


years 


fications and standard testing methods. 
\ new edition of 1108 pages contains 
13. standards not appearing in the 
1957 edition. 

New standards include specifications 
for: Nonrigid Vinyl Chloride Plastic 
Sheeting (D 1593); Glass Fabric Re 
inforced Epoxy Resin Laminates (D- 
1592) ; and Polymethylstyrene Molding 
and Extrusion Material (D 1595). 

Also included in this new edition are 
tentative abbreviations of terms relating 
to plastics (D 1600). 

All of the 191 ASTM ) standards 
applicable to the plastics industry ap- 
pear in the new “Compilation of ASTM 
Standards Relating to Plastics.” Copies 
may be obtained from ASTM _head- 
quarters, 1916 Race St., Philadelphia 
3, Pa., at $8.00 each. 


previous 


NEMA Standards 





The following NEMA Standards Publi- | 
cations are available: 
Instrument Transformers, El 2-1959 
(supplements the American Standard 
for Instrument C57.- 
13 Pie 50¢ 
Molded Case 
LO¢ 

Motors and Generators, MG 1-1959 
( revised - $10.00 


Transformers, 


Breakers, AB 1-1959. 


\merican Standard Requirements for 
Metallic and Associated 
for Insulated Cables, 
$1.00 


Standard for Room Air Condition 
ers, CN 1-1958. 30¢. both 
rating and testing standards with the 


Coverings 


WC 2-1958. 


Covers 
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latter, for example, citing procedures 
to test for cooling capacity for air- 
cooled and water-cooled units; heat- 
ing capacity; recirculated air quan- 
tity; ventilating and exhaust air 
quantity; electrical rating; power 
factor for air and water cooled units; 
locked rotor current; enclosure 
sweat; condensate disposal and 
safety. 


Copies are available from National 
Electrical Manufacturers Association, 


155 E. 44th St., New York 17, N. Y. 





Book Reviews 





Processing of Thermoplastic Ma- 
terials. Edited by Ernest C. Bern- 
hardt. Reinhold Publishing Corpora- 
tion, 430 Park Ave., New York, N.Y. 
690 pages, $18.00. 


extremely \ review of engineering fundamentals 


e.6h6©8 * ea for design of plastics processing equip- 
ri ic 5 cifications! ment for thermoplastic materials. The 
g pe = technical problems encountered in ex- 
eeeceeeee trusion, injection molding and other 
thermoplastics operations are closely 

The illustration shows the cast bronze spindle bearing of a very well-known interrelated. The book does not re- 
and popular metal-working lathe. quire the reader to possess previous 


™ * ak : ‘ , knowledge in plastics processing tech- 
I'he manufacturer of this lathe has extremely rigid specifications covering S : : . 


tolerances, finish, structural quality of the bronze and roundness of the 
bearing even though the bearing is split for its entire length. 


nology, though it does require basic 
engineering knowledge. 

Basic properties of flow behavior of 
A manufacturer with such requirements naturally turns to Bunting to thermoplastics are defined in the first 
satisfy them. section of the book, Also included are 
the mechanics, measurement and _ no- 
menclature of flow behavior. Heat 
transfer and thermodynamics, mixtures 
and dispersions are also covered. 


For the unusual, as well as the usual, in bearings, bushings, bars or specia! 
parts of cast bronze or sintered metals, see Bunting first. 


Section two gives basic elements of 
BUNTING SALES ENGINEERS in the field and a extrusion, injection molding, calender- 
fully staffed Product Engineering Department are ing and sheet forming. Design concepts 
at your command without cost or obligation for “ of the processing equipment are pre- 
research or aiding in specification of bearings or ~~ sented with practical explanations of 
parts made of cast bronze or sintered metals for 


d nie their applications. 
special or unusual applications. 


The processing properties, with sup- 
porting data, of acrylic, cellulosic. 
. nylon, polyethylene, styrene and vinyl 
Uk 0r Wie fOr YOu COPY OF ’ resins are presented and described in 
Bunting's “Engineering Handbook on Powder Metallurgy” P the third section. 
and Catalog No. 58 listing 2227 sizes of completely is 
finished cast bronze and sintered oil-filled bronze bearings 
available from stock. 





ba Postcard return cards are provided on 
aa kel a oe | page 17 as a convenience to the reader 
. in obtaining further information on 


¢ New Components and Materials 

e Literature for the Design Engineer 
e Feature Article Reprints 
BEARINGS, BUSHINGS, BARS AND SPECIAL PARTS OF ¢ Advertised Products 


CAST BRONZE OR SINTERED METALS. 


The Bunting Brass and Bronze Company * Toledo 1, Ohio * EVergreen 2-3451 
Branches in Principal Cities 
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ENJAT 
BUTYL 


BEST 
WAY TO 

HANDLE 
ELECTRICITY 


Of all vulcanizable rubbers, Enjay Butyl offers the best 
electrical and dielectric properties. Butyl is the ideal ma- 
terial for wire and power cable, transformers, tapes, bus- 
bars and other insulation applications 


oil base Butyl a/so offers outstanding resistance to weathering 


and sunlight ... chemicals ... abrasion, tear and flexing 
| ° superior damping properties ... unmatched imper- 

ene eee meability to gases and moisture. 
| 


_ 
[=] 
o 


Find out how this versatile rubber can improve your 


product. Call or write the Enjay Company, today! Bg iT T Y L 


Pioneer in Petrochemicals 


Bi 1 ae ‘i 
100 200 300 400 500 
conductor size—MCM 


—takewae. ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 


current rating AMPERES 


higher currents for any given conductor size 
Akrone Bostons Charlotte+* Chicago Detroits Los Angeles* New Orleans+ Tulsa 
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Fractional Horsepower 


VARIABLE SPEED 
PULLEYS 


FRONT MOUNTING 


4 
% 
4 


1350 ECONOMY 
PULLEY 4 TO 4 HP. 


COMPOUND 
DRIVE PULLEY 
’r TO % HP. 


Economical — 
low in initial cost ... easily in- 
stalled on old or new equipment. 


Minimum Maintenance — 
simple construction assures trou- 
ble-free operation . . . lifetime 
lubricated with oil-impregnated 
bronze bushings. 


Constant Belt Alignment— 
inner and outer pulley sheaves 
open equally to provide smooth, 
infinitely variable speed ratios 
to 8 to 1. 

No Slippage— 

Sure grip of belt sides delivers 
full traction under all load con- 
ditions...result is greater horse- 
power carry capacity. 


Get the new 
12-page Lovejoy 
catalog! 

Write today. 


ED 
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Realistic Temperature-Power 
Derating Requirements for 
Carbon-Composition Resistor 


(Continued from page 145) 


of the cumulative binomial distribu- 
tion.* The value of K is equal to the 
minimum number of resistors out of a 
sample of \V resistors which could be 
expected to exceed R in order to be 90 
per cent certain that no more than 
10 per cent of the population of re- 
sistors will exceed R. It is desirable 
that A turn out to be an integer, and 
this may be accomplished by manipula- 
ting either the sample size (V) or the 
confidence coefficient. 

The use of this method is quite 
simple. If one arrays a sample of \ 
resistors in ascending order from 1 to 
V according to resistance deviation 
from initial, then the (N +1) —KAt® 
resistor should have a resistance devia- 
tion closely approximating R. Since R, 
together with the confidence coefficient. 
represents the upper tolerance limit of 
resistance deviation, the goal has been 
achieved. 

Since inferences based on non-para- 
metric statistics tend to be somewhat 
those made from 
known distribution forms, the derating 


less precise than 


curves based on upper tolerance limits 
are conservative; that is, they may over- 
state the derating required. For the 
limit type of derating curve, the se- 
lected per cent load was determined 
by linear interpolation 
upper tolerance limits encompassing 
the limit of the curve. For example. 


between two 


suppose one were constructing a 20 
per cent limit curve and had computed 
upper tolerance limits (at some speci- 
fied confidence level) according to the 
following tabulation: 


Temper- Load, Upper tolerance limit 
ature, per (per cent deviation 
deg C cent from nominal) 

110 10 10 

110 25 16 

110 50 33 

110 75 50 

110 110 65 


The derating load at 110 C would 


be between 25 per cent and 50 per | 


cent. The load chosen from the table 
would be the linear interpolation be- 
tween those points such that the upper 
tolerance limit is 20 per cent. In this 
example, it would be: 


Load, Upper tolerance limit (per cent 

per cent deviation from nominal)} 4 
50 33 
20 


16 


95 


excellent set of tables is *‘Tables of the Cumula 
Binomial Probability Distribution,”’ by the etaff 
the Computation Laboratory, H 
3s, Cambridge, Mass., 1955. 


with the accurate 
SERVO-TEK SPEED 
INDICATING SYSTEM 


A truly versatile ‘“‘package” 
provides accurate speed indi- 
cation for almost anything that 
moves. Nearly every industrial 
process or machine can benefit 
by the economy and safety of 
continuous speed indication. 


FEATURES 
SELF-POWERED No batteries or 
external power required. 


LOW VOLTAGE Connecting cable 
can be as long as 500 ft. for 
remote readings. 


PERMANENTLY LUBRICATED BALL 
BEARINGS Sealed against foreign 
particles and harmful vapors. 


EASILY READ 41.” INDICATOR 
Damped to withstand vibration 
and shock. 


STANDARD RANGES 0 to 100, 
500, 1000, 2000, 3000, 4000, 
6000, 8000, 10,000 and 12,000 
RPM. These speeds can also be 
provided to read ‘‘Percent of Full 
Speed"’ or ‘Percent of Capacity." 


STANDARD (SAE) AUTOMOTIVE 
AND AIRCRAFT MOUNTS, as well 
as: special scales, also available. 


includes generator, indi- 
$B 00 insides o 


dicator (specify range), 
mounting base, coupling, and 15 ft. 
of electrical cable. Delivery from stock. 
Quantity discounts. 





ard University | 


Sewo-Jeh Bg 


, 
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PRODUCTS CO 


oe 
Ye 
smc O#roearto x 


Main Office 


1086 Goffle Road, Hawthorne, N. J 


Western Office 
14736 Arminta Street, Van Nuys, Cal 
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The nylon collared Elastic Stop’ nut 
ainag-. . 


damages bolt threads! 


The nylon locking insert g will not seize threads, gall or remove plating 


The red nylon locking collar is an integral part of an 
Elastic Stop nut. Oversize in diameter in relation to 
standard bolt tolerances, this insert grips the entering 
bolt threads with strong, smooth nylon fingers that 
dampen impact loads and resist turning under the most 
severe conditions of vibration or shock. The perfect fit 
between bolt threads and the locking collar also serves 
to seal off internal bolt and nut threads and to protect 
them against corrosion. Furthermore the nylon insert is 
impervious to gasolines, oils, salt atmospheres, cleaning 
compounds and common acids. The remarkable wear 
resistance of nylon plus its elastic recovery makes Elastic 
Stop nuts reusable through more than a hundred on and 
off cycles. 


ELASTIC STOP NUT CORPORATION 
OF AMERICA 


also maker of the po 


*The Red Locking Collar is a 
Registered Trademark of ESNA 


Because an Elastic Stop nut is a one-piece unit it is 
less expensive to install than castellated nuts and cotter 
pins, or double nuts. Equally important, it is a stop nut 
that locks at any position on the bolt without requiring 
secondary “safety” devices; it is simple to adjust pre- 
cisely—it is easily wrenched off or readjusted. Elastic 
Stop nuts have been used by American industry since 
1930 to solve the toughest applications on railroad, 
automotive, earth moving and farm equipment, as well 
as on all types of electrical machinery. 

Elastic Stop nuts are available in sizes ranging from a 
watchmaker’s 0-80 through 3”, and in many standard 
finishes and materials including carbon and stainless 
steels, brass, duronze and aluminum. 


Elastic Stop Nut Corporation of America 

Dept. 197-322 2330 Vauxhall Road, Union, N. J. 
Please send me the following free fastening information 
[] ELASTIC STOP 


nut bu!letin 


() Here is a drawing of our product. What 
self-locking fastener would you suggest? 

Name aia Se ee 

Company 

Street 


City_ . _____Zone___ State 
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Editorial Reprints Available 





As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELectricAaL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints, without charge. 

The numerals shown in reprint list- 
ing correspond to the number shown on 
postcards incorporated in the Reader 
Inquiry Service Cards beginning on 


page 17. Readers should circle those 
numbers indicating the reprints desired 
If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated below. Remittances must 
accompany all orders. Larger quanti- 
ties, special quotation. 
Cost of 
Single Subject Reprints 
Number of pages 


16-32 


No. of 
Reprints 4.12 
Gratis Gratis 

$2.00 $3.75 

3.50 6.00 


7.50 12.50 





Editorial Index to Electrical Manu- 
facturing for 1958, 28 pages. This 
vearly index is 

completely annotated. Includes an 


index and reproduces the 


subject-classified 


author 
ELECTRICAL MANUFACTURING Sub- 
ject Classification and Alphabetical 
Subject Cross Index. (734) 


Editorial Index to Electrical Manu- 
facturing for 1957, 24 pages. In ad- 
dition to an annotated, subject- 
classified index to all the feature 
urticles, this booklet provides an 
author index and reproduces the 
ELECTRICAL MANUFACTURING Func 
tional Subject Classification and the 
Alphabetical Subject Cross Index. 

(737) 


Progress in Micro-Module Develop- 
ment, March 1959, 8 pages. An 
ELECTRICAL MANUFACTURING Staff 
Report describing 
complishments in the Signal Corps 
Micro-Module Program. Details of 
development — are 

preliminary 


significant ac- 


micro-element 
modules 
illus- 
(736) 


given and 
and modular assemblies are 
trated. 


Copper-to-Iron Ratio 
for Optimal Design, March 1959, 


$ pages. The design of an electro- 


Electromagnet 


magnet by analysis instead of by 
permits 
determining the best ratio of cop- 
per to iron. Details of the method 
are illustrated using a continuous- 
duty d-c tractive magnet as an 
example. (720) 


successive approximation 


New Developments in Magnetic Ma- 
terials and Applications, February 
1959, 13 pages. Design significance 
of research progress reported at the 
1958 AIEE Conference on Magnet- 


184 


Materials for: 
computer elements, microwave 
components, permanent magnets, 
soft magnetic alloys and new mag- 


(702) 


ism and Magnetic 


netic devices. 


Graphical Analog Computer, Feb- 
ruary 1959, 4 pages. A descrip- 
tion, with illustrations, of the de- 
sign and use of a graphical analog 
computer, a nomographic tool in 
the form of a universal blank which 
can be applied to a variety of prob- 
lems. It is particularly advantage- 
ous when used to supply data for 
(704) 


electrical analog computers. 


Flexible Programming with Optical 
“Punched” Cards, January 1959, 6 
pages. An outline of the particular 
contro! problems in stage and 
studio lighting, with a description 
of the advantages of new magnetic 
amplifier systems for these appli- 
cations. Details are also presented 
of a versatile control programming 
system using cards but still per- 
mitting flexible supervision by an 
operator. (733) 


Research Progress in  Dielectrics— 
1958, January 1959, 10 pages. Re- 
view and _ interpretation of the 
papers and round-table discussions 
at the 1958 Conference on Elec- 
trical Insulation (National Academy, 
of Sciences - National Research 
Council). The review emphasizes 
research in corona effects on insula- 
tion, high-temperature insulation 
systems, radiation effects, and re- 
lation of molecular structure to 
properties. (729) 


Designing Optimum Inductors with 
Ferrite-Biased Gaps, January 1959, 
14 pages. Barium ferrite permanent- 
magnet slabs in place of air gaps 


permit up to 78 per cent volume 
reduction of iron-cored inductors 
carrying asymmetrical currents. An- 
alysis and synthesis procedures for 
iron (Audio A) or ceramic (Fer- 
ramic H) cores with ferrite gaps, air 
gaps or no gaps—depending on 
which is optimum for the specific 
case. (701) 


Techniques of Cooling Electronic 
Equipment—Parts I and II, No- 
vember and December 1958, 18 
pages. This two-part article covers 
both theoretical and practical sides 
of heat removal in electronic equip- 
ment, Part I covers cooling theory 
and methods and techniques of 
temperature measurements. Types 
of cooling are discussed. Part II 
relates theory to heat removal in 
specific electronic parts and equip- 
ments, also analyzes the practical 
application of various methods of 
cooling, such as forced convection, 
direct liquid coolants, liquid and 
vapor cooling, direct vaporization 
coolants. Tabular data and graphs 
are included. (712) 


Designing with Stainless Steel, De- 
cember 1958, 8 pages. Presented 
are the properties of stainless steel] 
important in equipment design. Ap- 
plications of stainless steel, with 
case histories, are illustrated. Ex- 
amples include appliances, instru- 
ments, computers and other elec- 
tronic products. A stainless steel 
selector chart is included. (709) 


Volt-Ampere Graphical Analysis, De- 
cember 1958, 5 pages. A descrip- 
tion of the use of the volt-ampere 
characteristic of a device combined 
with an electrical interrogation of 
the device and its lead to obtain 
graphical information about the 
operating conditions. Particularly 
valuable when applied to non-linear 
elements, this is an important tool 
for every design engineer. (740) 


Perforated Storage Media, December 
1958, 9 pages. Survey of primary 
punched tape and card systems: 
early development, current media 
formats and dimensions, compati- 
bility problems, standardization 
progress, sources of perforated 
record equipment. A basic refer- 
ence for engineers designing or in- 
tegrating machine systems utilizing 
punched cards or tape for pro- 
gramming or data storage. (705) 


Electronic Materials and Components 
for Extreme Environmental Prob- 
lems, November 1958, 24 pages. A 
detailed critical review of the prob- 
lem areas and the state of the art 
of materials and components re- 


ELECTRICAL MANUFACTURIN( 





special Designs for Industry 


Crystals in General Electric dual-diameter magnet 
line up in direction of magnetization — provide 


higher energy in the gap area. 





OLD: Conventional magnet assem- 
bly is larger, heavier, and has a more 
complex soft steel pole tip. 


N EW: Smaller, G-E dual-diameter 
magnet assembly gives same gap en- 
ergy .. . weighs far less. 








G.E. designs dual-diameter 
directional grain magnets 
to cut loudspeaker size, weight, and cost 


Speaker manufacturers are building thinner, more 
efficient loudspeakers requiring far less magnet vol- 
ume and simplified, lower-cost soft steel return paths. 

The heart of these speakers is a new General 
Electric dual-diameter magnet made from improved 
directional grain Alnico 5. By combining outstand- 
ing permanent magnet properties with a new shape, 
it is now possible to locate the magnet within the 
area of voice coil travel and obtain efficiency and 
compactness never before attainable in hi-density 
level structures. 


Dual-diameter directional grain magnets are just 
one of the exciting new applications made possible 
by General Electric magnetic materials. Each mag- 
net is designed to do a specific industrial job .. . 
and do it better. And even more advanced magnetic 
materials are on the way from General Electric 
that will soon give you a freer hand in new product 
design. If you would like the design assistance of a 
G-E engineer to help with your product, write: 
Magnetic Materials Section, General Electric Com- 
pany, 7804 N. Neff Road, Edmore, Michigan. 


MAGNETIC MATERIALS SECTION 


GENERAL ¢ ELECTRIC 


CARBOLOY® CEMENTED CARBIDES @ MAN-MADE DIAMONDS e¢ MAGNETIC MATERIALS ¢@ THERMISTORS e¢ THYRITE® @ VACUUM-MELTED ALLOYS 
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quired in the operation of electronic 
systems in supersonic aircraft and 
missiles, nuclear submarines, and 
other military equipment exposed 
to extreme environmental condi- 
tions. Ultrahigh temperatures (500 
C and higher) and nuclear radia- 
tion are the most important environ- 
ments discussed. Commercial com- 
ponents are evaluated, research and 
development contracts are sum- 
marized. (719) 


Effects of Temperature on Magnetic 
Properties of Nickel-Iron Alloys, 
November 1958, 5 pages. Normal 
magnetization curves, saturation in- 
duction, remanence and coercivity 
measurements at both increasing 
and decreasing temperatures in the 
—60 to +250 C range for: Hiper- 
nik V, Hipernik, Deltamax, Mo- 
Permalloy and Hymu 80. (721) 


Special Purpose Flexible Cord, No- 
vember 1958, 4 pages. Properties 
of flexible wire and cable materials 
are tabulated. Special cord designs 
for use in equipment required to op- 
perate in severe environments are 
described and _ illustrated. (735) 


Treating Transfer Functions on Ana- 
log Computers, October 1958, 8 
pages. A description with examples 

se of a method of applying the trans- 
fer function of a system to an ana- 

Before you specify ~~. cg computer to determine the sys 

* tem output. Applicable to systems 

cou ntd own the a LS OR initially at rest e those with input 
4 : conditions, the method takes advan- 
quality cabinet features tage of the symmetry of a transfer 
function expressed in terms of the 

The EMCOR MODULAR ENCLOSURE SYSTEM Laplace operator in converting it 
consisting of a complete line of standard to a mechanical schematic for the 
cabinets offers design engineers flexibility and computer. (728) 
craftsmanship features comparable to custom- 
made units. Heavy gauge, prime quality, cold 
rolled steel gives EMCOR frames rugged structur- 
al support... ‘‘Heliarc’’ welding used specificall a 
for its superior quality .. . ‘Adjustable mit in space (above 75,000 ft) as they 
mounting angles engineered to easily recess affect future equipment design. 
equipment . . BONDERITE coating provides Anticipated values are presented 
maximum protection and adhesion for the final for atmospheric composition, — 
finish . . EMCOR finish is a special metallic _— solar radiation, — dis- 
baking enamel in two tones of gray which has sociated gases, — ionized 
been carefully developed and selected for its ~ solid particles, and the 
pleasing, dignified two-tone contrast without earth’s magnetic field. (710) 
clashing with other colors introduced within an 
installation . . . these are some of the many 
quality cabinet features found in standard Current and potential structural and 


EMCOR Console of eight EMCOR enclosures. electronic uses for titanium and its 
standard frames and alloys in component and equipment 


their components WRITE TODAY FOR CURRENT CATALOG design are presented. Discussed are 
physical and electrical properties 
of standard and new alloys, with 
fabrication data supported by charts 


ELGIN METALFORMERS CORP. and graphs. (711) 
630 CONGDON, DEPT. 1232 + ELGIN, ILLINOIS  tigh Voltage Transistor Regulated 


*Registered Trademark of Elgin Metalformers Corporation Power Supplies, September 1958, 4 
VISIT US IN BOOTH 1225-1227-1229 AT THE |.R.E. SHOW. NEW YORK COLISEUM—MARCH 23rd, 24th, 25th ond 26th pages. Design equations and circuit 


a a 


Cr 


The Space Environment—A Prelimin- 
ary Study, October 1958, 16 pages. 
Analysis of natural environments 


Titanium—Its Properties and Design 
Potentials, October 1958, 12 pages. 


Originators of the Modular Enclosure System 
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Positive Protection 
Against Phase Failure 
and Phase Reversal 













VS CORMERIL MOL ae / 
* 


The Allen-Bradley Bulletin 812 Type F, Type 
R, and Type RF relays provide positive pro- 
tection against the hazards to men, motors, 
and driven machinery, resulting from phase 
failure and/or phase reversals. 





The Bulletin 812 Style F phase failure re- 
lay employs a unique static sensing network 
that responds to all open phase conditions 
on a motor branch circuit and immediately 
removes the motor from the line... irre- 
spective of the load on the motor (including 
no load), or the circuit arrangement. This re- 
lay even responds to hard-to-detect primary 
failures on a wye-delta transformer with un- 
grounded neutral. Furthermore, the five- 
cycle response prevents nuisance ‘‘drop- 
outs’’ from transient fluctuations. 





The Bulletin 812 Style R phase reversal re- 
lay disconnects the motor from the line— 
whether it is running or not—when a phase 
reversal occurs anywhere in the system on 
the line side of the relay. Thus, it can be eee 
employed for a single motor, a group of Bulletin 812, Style RFE.) 
motors, or an entire power system. In addi- for Phase Failure 
tion, the phase reversal relay prevents the and Phase Reversol 
motor from starting should phase failure : 
occur while at astandstill—a vital feature for 
elevator applications. 





The Bulletin 812 Style RF relay combines 
the elements of Style R and Style F relays 
for protection against both phase failure 
and phase reversal. All Bulletin 812 relays 
are inherently ‘‘fail safe.’’ Send for complete 
information. 

Allen-Bradley Co., 1309 S. First St. 
Milwaukee 4, Wis. 


In Canada: Allen-Bradley Canada Ltd. 
Galt, Ont. 
ALLEN -BRADLEY 


“—> QUALIVeS 


MOTOR CONTROL 
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analysis for two regulator circuits. 
One uses germanium p-n-p tran- 
sistors and provides 200 volts d-c 
output at 500 ma, the other uses 
silicon n-p-n transistors for opera- 
tion to 85 C with regulated output 
adjustable from 110-130 volts d-c 
at 600 ma. (703) 


ilicon Power Rectifiers—A Survey, 

September 1958, 12 pages. A com- 

prehensive presentation of what is 

available today in the field of silicon 

power (1 amp and over) rectifiers 

and notes concerning their use in a 

wide variety of applications. A ma- 

jor portion of the article is tables 

giving detail ratings and character- 

istics of the units obtainable from 

Performance an sixteen manufacturers. Rating in- 

; formation given includes current, 

Proven ee ee |. : wa PIV, temperature, forward voltage 

. , drop, max reverse current, max 

Specify G.1. to be allowable surge, etc. (717) 
sure! Nearly half 


a century of - Magnetic Properties of Stainless 
perience in solv- 


Steels, September 1958, 5 pages. 
oe pied SSS Z Practical tips on selecting a corro- 
eg part bs ; J a I sion-resistant steel with particular 
users throughout S A Z magnetic (or non-magnetic) proper- 
the world is your : ; ties for structural and magnetic 
guarantee of ; applications. Effects of heat treat- 
satisfaction. S ment and/or cold working on mag- 
netic properties of martensitic, 
ferritic and austenitic alloys are 


Model “A” Two-pole, shaded-pole reviewed. (725) 


motor available in various lamina- 

tion thicknesses. Proved Dependable - - : ‘ , : 
millions of times over, it's the power — ag d Perel er 
choice of the nation’s great-name man- a Swen ev, * eptember 
ufacturers . . . setting an amazing = if 1958, 4 pages. Mechanical and elec- 
performance record in countless ap- 1} trical design features of a compact 
plications from phonographs to kitchen = See Goer positioning servo for either thrust 
fans to pumps. If dependability is your - 


or rotary service are described. The 
aim, Model “A” is your motor! 


use of diodes for temperature com- 
pensation in the transistor amplifier 

- is outlined. (739) 
LOCKED MAXIMUM 


TORQUE TORQUE — | 
= — cme a“ : Standard Ferrites for High-Power R-F Tuning, 
’ Shaft August 1958, 12 pages. The re- 
Diameter sults of a program for evaluating 
1817 commercially available ferrites for 
power tuning applications in the 
y,"" range from 2.5 to 30 megacycles. 
neater Included are (1) magnetic per- 
3 sso | 23 | 3 20" | meability and Q as a function of 
| Pm Te ery ee Shaft frequency, r-f flux and tempera- 





+ Available ture; (2) dielectric constant and Qp 
cc ates Rete els If as a function of frequency and elec- 
Boxe Ah Med ad Teel Bode Required tric field intensity; and (3) recom- 
arecew| “45 | 40 | 75 | 2400 | 790 | 9 | 2 | mendations for specification data 
to be supplied by ferrite manufac- 
turers. (715) 











Designs to Meet the Needs of a Wide Range of Applications 


Dynamic “In-System” Specifications 
for Control Components, August 
1958, 8 pages. The urgent reasons 
why the performance specifications 
for components to be used in con- 
trol systems should include their 


tue GENERAL INDUSTRIES co. ee ee ee ee 


havior and requirements. Examples 
DEPT. GL e ELYRIA, OHIO of system characteristics of several 


Write today for catalog sheet and quantity-price quotations. 
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—first step to better coil design 


Manufacturers of electromagnetic 
equipment can reduce material and 
production costs now—by switching 
to ALCOA® Aluminum strip windings 
Equipment designed with ALCoa strip 
is more compact, lighter in weight, 
and better able to dissipate heat than 
conventional wire. For information 
about recent ALCOA developments in 
this field and how they benefit you 
please turn the page 





NEW DESIGN CONCEPTS WITH ALUMINUM STRIP 


by Robert R. Cope, Aluminum Company of America, Pittsburgh, Pa 


Light weight, better space tter heat dissipation, low 
voltage between turns, less | point contact these 
characteristics of aluminut e long intrigued designers 
of electrical windings. Tox 
practical reality 

Intensive research and t 
to important technical br 
solving problems relating t 

Recently, ALCcoA purcha the transformer division of 
perfect winding techniques 


iminum application is a 


ALCOA have contributed 
ghs. New techniques are 
effect, joining and insulation 


Automation Instruments, |! 
and to produce prototype s for customers’ evaluation 


With this added facility. the electrical windings division of 
ALCOA Research Laboratories is equipped to wind coils from 
small solenoids up to distribution transformer sizes for test- 
ing by manufacturers—a nportant, new service for the 


electrical industry 
ALUMINUM’S NATURAL ADVANTAGES 


Aluminum weighs less. In general, an aluminum strip winding 
weighs only half as much as an equivalent winding of copper 
Based on equal current-carrying capacity, 0.48 pounds of 
aluminum replaces one pound of copper. (Figures are for 
61.0 per cent conductivity aluminum, 97 per cent conductivity 
hard-drawn copper.) ALCOA No. 3 EC alloy has been devel- 
oped expressly for electrical windings. Space factor of alum- 
inum strip can be 90 per cent and higher; for copper wire, 
55 per cent to 65 per cent is typical. Thus, although an alum- 
inum strip requires more conductor volume than a conventional 
wire winding, the total space occupied by each is about the 
same. Variations in space factor will depend on the strip-to- 
insulation thickness ratio 

Aluminum strip windings permit higher current densities 
because each turn has an outside radiating edge that provides 
effective heat dissipation. Layer-to-layer temperatures are 
constant; hot spots are virtually eliminated. The inner turns 
of a wire-wound coil cannot radiate heat as efficiently as the 
outer turns 

In most cases, aluminum strip windings can be manufac- 
tured at lower cost than equivalent wire windings. Aluminum 
strip lends itself to automation: new high-speed winding 
techniques have reduced fabrication costs by eliminating 
much of the hand labor necessary with wire 

Conventional wire windings require heavier insulations to 
withstand (1) abrasion during winding, (2) abrasion from 
point-to-point contact between turns, (3) layer-to-layer volt- 
age, which may be many times the turn-to-turn voltage 
Aluminum strip insulation needs to withstand only turn-to- 


Interleaving sheet-type insulation 
with aluminum strip. 


Specially designed equipment for 
winding smaller coils. 


turn voltage because a single turn occupies the entire width 
of the coil. Thus, thinner and less abrasion-resistant insula- 
tions can be used, such as interleaved sheets of Mylar or 
Kraft paper . coatings of varnish, lacquer or epoxy 
anodized films or vitreous enamel 

ALCOA has tested every known method of joining alumi- 
num. Some techniques proved impractical or costly. But 
successful joining has been accomplished with ultrasonic 
welding, high temperature soldering, shielded inert arc weld- 
ing, cold pressure welding, resistance welding and mechanical 
joining. Cold pressure welding is quite practical; joints have 
high strength and conductivity. Ultrasonic welding requires 
no heat, precleaning or flux; joints are made quickly between 
parts of different thicknesses, or of multiple thicknesses—and 
the weld can be made through many types of insulation 

Where is the best application for aluminum strip windings? 
In power devices or electronic equipment, the economics of 
aluminum strip windings are indicated when customary wire 
sizes are 24 gage or larger. However, in many aircraft and 
missile applications, where weight is a critical factor, alumi- 
num strip is a natural application regardless of size 

Here, at a glance, are the main areas of comparison: 


HARD-DRAWN ALUMINUM STRIP 
COPPER WIRE No. 3 EC 


Weight (Ib /cu in.) 0.321 0.098 
Specific gravity 8.89 2.70 
Coefficient of linear 

expansion (/°C) 
Thermal conductivity 

at 20°C / watts /sq in. \ 

\ in. °C 9.7 6.0 

Electrical conductivity 

at 20°C, per cent IACS 97 61.0 
Electrical resistance at 

20°C (microhms /sq in. /ft) 8.40 13.14 
Temperature coefficient 

of electrical resistance 

at 20°C (/°C) 
Modulus of elasticity 


PROPERTY 


0.000017 0.000023 


0.00381 0.00409 
17 x 106 10 x 106 





ALcoa Aluminum Electrical Windings will reduce your costs 
and improve your product. We'd like to prove it. Send your 
specifications to us and we will wind sample coils. Then make 
your own test. 

ALUMINUM COMPANY OF AMERICA, 2260-C Alcoa Building, 
Pittsburgh 19, Pennsylvania. 


Preliminary testing of foil-wound 
transformer. 


Send for Alcoa's new 
Conductor Selector 


Chart, a convenient 
slide rule for convert- 


ALCOA 0° 
ALUMINUM, 


ing standard wire See, a meniee Gr kalanien 
sizes to equivalent 
strip conductor. 





important types of components are 


included. (723) 


Electronic Standards for Industrial 
Equipment, August 1958, 8 pages. 
Internal standards for the electronic 
portions of machine control sys- 
tems, prepared by the Plant En- 
gineering Electronics Committee of 
General Motors Corp., are offered 
for general industry use in conjunc- 
tion with the JIC Standards for 
Industrial Equipment (see Reprint 
724). (722) 


British Magnetic Amplifier Develop- 
ments, July 1958, 8 pages. An anal- 
ysis of basic magnetic-amplifier 
circuits and their practical applica- 
tions. Includes performance data as 
well as physical characteristics on 
such circuits as the Ramey half- 
wave amplifier, full-wave d-c power 
supply, and a bridge full-wave 
auto-self-excited amplifier. (732) 


Mechanical Fasteners for Military 
Electronic Equipment, June 1958, 
16 pages. A comprehensive, fully- 
illustrated guide to the various 
mechanical fasteners that are ap- 
proved for use on military electronic 
equipment. Sources of supply, mili- 
tary references, application remarks 
and comparative assembly costs are 


included. (713) 


Combined Analog-Digital Control Sys- 
tems, June 1958, 9 pages. Practical 
sub-circuits for systems requiring 
both the “real-time” characteristics 
of analog computers and_ the 
computational ability of digital 
computers: analog-to-digital and 
digital-to-analog converters; hybrid 
multiplication circuits; sine-function 
generators; the “squaring bridge” 
and the servo divider. (716) 


Avoid excessive relay costs . . . reduce 
needless relay space requirements . . . simplify installation and get better per- 


Design by Test and Analysis Spurs : a 
Relay ‘Progress June "1958 ° 10 formance with relays by Comar, custom-made to your specifications. All 
? = 7 ’ . . . . bd 

pages. Summary and report on the types are available with any combination of switches, contact materials, coils, 
Sixth Annual National Conference 
on Electromagnetic Relays, Okla- ; ima ; : 
homa State University. Important sealing facilities are all combiried in one large, modern plant to reduce your 
papers presented relate the develop- costs and speed delivery. Write for complete information today. 

ment of new relays, test methods 

and equipment. Further efforts by 

the NARM toward standardization 


are described. (718) Write for your new free Comar catalog 


Structural and Electrical Applications ; 
of Aluminum in Europe, May 1958, 
12 pages. A survey evaluating and 
illustrating European engineering 
experience with aluminum in re- 
search, development and manufac- 
turing of electrically energized 
equipment. The article includes 
specific case histories, advantages 
and disadvantages of British, ELECTRIC COMPANY 
French and German experiences 3349 ADDISON ST., CHICAGO 18, ILL. 


with aluminum and its alloys. Ma- ' —_— - . 
terial is based on papers presented RELAYS + SOLENOIDS + COILS + SWITCHES + HERMETIC SEALING 


leads and mountings required. Complete engineering, manufacturing and 
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at a symposium sponsored by the 


~ British Aluminium Development As- 
sociation in London during May, 
1957. 


(726) 


permits less Critical DIaSiINg “simemish. seta! homers 
* . 2 mney eH 8 a Sa 

mu. one 

ss6 D rovi d eS WI d er mM ad esd Nn onesie for wasnesendaine = 
e . a — metric = inch ges a 

In circuit designs ee ee 


are described. (708) 


Evaluation and Applications for Fiber- 
Insulated Magnet Wire, February 
1958, 12 pages. Characteristics and 
application areas of various types of 

cousin, the NE-96) look exactly like fiber-insulated, film-insulated and 

aes a5 composite-type magnet wire. Com- 
the familiar NE-2... but each of these mercial identifications given. Stand- 
ards are listed. Comparative ad- 
vantages and disadvantages of 
differential between starting and operating various types are discussed. Among 
insulating materials analyzed are 
newer materials such as glass fiber, 
of safety against false starting caused by Dacron polyester yarn, Nylon yarn. 

hi eins Kate ae 5 Mylar polyester film and Quinterra 

transients in the circuit, since at least a asbestos paper. (707) 


This General Electric NE-97 (and its first 


General Electric Glow Lamps has a wider 


voltage. This feature provides a margin 


30-volt pulse is needed to put the lamp _ ji Electrical Standards for Industrial 
Equipment, June 1957, 24 pages. 
Revised specifications for the appli- 
cation of electrical apparatus to 
welders and other industrial equip- 
NE-97 ment, as adopted by the Joint- In- 

dustry Conference held in Detroit, 

DIRECT CURRENT CHARACTERISTICS NE-97 NE-96 — on apa reprints, 
‘ charge. Multiple quantities may be 
Ee 135415 pre ae - a pat nse ty 
IIE UG g:-e) Set 64S we Be Oo 70 + 10 70 + 10 5—$3.75; 10-$6.00; 25—$12.50: 
ee oe ee ae ee 0.5 m.a. 0.5 m.a. 50—$20.00: 100—$30.00. Send 
Life—Change in Starting and Operating Volts at 0.5 m.a.—5-Volts in 1,500 hrs. check with order payable to The 
Gage Publishing Company, 1250 

MEMORY CIRCUIT Sixth Ave., New York 20. New 

York. (724) 


+ ee 
[ = Posteard return forms are provided 
\ on page 17 as a convenience to the 
= 
— 
—_— 
— 


in Operation. 














reader in obtaining 


f New Components and Materials 


APPLICATIONS — Because of the wide spread between starting and 


operating voltage, the General Electric NE-96 and NE-97 are well Literature for the Design 





Additional data from the suppliet 


of any item reviewed. 


suited for use in switching circuits and counters, where the lamp may Engineer 


function both as the transfer element and an indicator of state or \ copy of any manufacturer's 
: . i ; raat ; ics ome ata ads publication reviewed. 

sequence. For full information on G-E Glow Lamps, write for ‘'G-E 

Glow Lamps As Circuit Control Components’’. General Electric Co., Festured Article Gepeiats 

Miniature Lamp Dept., Nela Park, Cleveland 12, Ohio. Single copies of selected feature 


articles. 


Progress /s Our Most /mportant Product 


Advertised Products 


More information on any product 


GENERAL (46) ELECTRIC | 0" 


ELECTRICAL MANUFACTURING 














Another significant advance 


in electrical design 


New J-M Type 3 PR Quinterrabord is engineered specifically for 
efficient Class H (180C) insulation, Type 8 PR for Class B (130C). 


Johns-Manvuille announces... 


2 new hot-press-cured “board” insulations... 
Type 3 PR and Type 8 PR Quinterrabord * 


These all-new “‘board” insulations were 
developed as high-efficiency, thermally 
stable dielectric spacers to answer many 
design and cost problems in compact 
equipment. Both are made from com- 
pletely inorganic, 100% purified asbestos 
base sheets formed on special wet process 
cylinder machinery. Sheets are then satu- 
rated with high-grade electrical laminat- 
ing resins, and hot-press-cured for 
maximum physical and electrical values. 
Type 3 PR Quinterrabord is treated 
with a silicone resin which makes it an 
ideal dielectric spacer for Class H (180C) 
equipment. Type 8 PR Quinterrabord 
with phenolic resin content, is designed 
for efficient Class B (130C) operation. 
The new Quinterrabords are engineered 
for optimum operation as slot wedges, 


separators, spacers, yoke and _ barrier 
insulations, and control and structural 
parts—applications where limited space 
and good electrical properties count most. 
They offer 5 distinct improvements: 


1. High mechanical strength. Hot-press- 
cured combination of asbestos and resin pro- 
vides an extremely high mechanical strength 
for today’s fabrication techniques 


2. Lasting dielectric strength. No ap- 
preciable drop after extensive operation at 
elevated temperatures 

3. Bonus thermal stability. Both have 
been tested in continuous operation at temper- 


atures 20 degrees above class standards with 
no significant reduction of properties 


4. Low Type 3 PR 
tested at or less after 24-hour 
sion, Type 8 PR at 0.25% 


water absorption. 
1.2% immer- 


Delivered in large 


Available in calipers from 


5. Easier handling. 
48” x 48” sheets 


| 27" ” 


32” to 4 





For complete specification 


samples of both these new 
spacer ATite lo 


York 16, N.Y 
Ontario 


electric 
Box 14, New 


Port Credit 











Jouns-Manvinte Yi) 
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Special Reprint Service 


Reprints of special Basic Science and 
Engineering inserts or of compendi- 
ums into which are combined several 
separate articles on the same or re- 
lated subjects are available at the 
nominal prices indicated in each list- 
ing. For ordering convenience, use 
the handy Order Form below. Orders 
must be accompanied by remittance 


Fundamentals of Ferromagnetism, 
March 1959, 32 pages. A new ap- 
proach to the study of magnetism, 
derived from modern solid-state 
physics. Explains magnetic behav- 
ior and properties of magnetic 
materials in terms of fundamental 
electron interactions. Includes: 


e Origins of Ferromagnetism. Mag- 

netic moments, atoms, solids, 
spin-spin interactions, the search 
for 5-Bohr magnetons. 
Internal Structure of Ferromag- 
netic Materials. Uniform mag- 
netization, magnetic curling, do- 
main walls and domain wall for- 
mation. 


or company purchase order. Please 
include 3% City Sales Tax on orders 
for New York City delivery. Make 
checks payable to The Gage Publish- 
ing Company. 

Since handling expenses are a sig- 
nificant cost element in the distribu- 
tion of the reprints, grouping of 
orders makes possible substantial 


Magnetization Curves. Major 
hysteresis loops, virgin magneti- 
zation curves, minor hysteresis 
loops. 
Time Effects in Soft Materials. 
Eddy currents, energy loss in 
magnetic systems. 
Effects of Atomic Ordering in 
Alloys. 
Interactions for Heterogeneous 
Systems. 
Magnetic Materials of the Pres- 
ent and Future. Iron, silicon- 
iron, iron-nickel alloys, iron- 
cobalt, materials with 4 = K = 0, 
ferrites, permanent magnet ma- 
terials. 

Written by Anthony Arrott and 


ORDER FORM 


Please enclose remittance or company purchase order. 


savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol- 
lowing prices (which include shipping 
charges) per copy apply: 
Quantity 

Title 5 25 
Ferromagnetism OO 15 
Fourier Analysis 90 .75 
Semiconductor Theory 90 .75 
Boolean Algebra 1.80 1.60 
Slide Rule Mathematics 90 .75 
Human Engineering 2.25 2.00 
Casting Resins 1.75 1.50 


Prices for larger quantities are avail- 
able on request. 


J. E. Goldman of The Scientific Lab- 
oratory, Ford Motor Company. $1.00 


Using Fourier Analysis in Design, 
February 1959, 16 pages. Fourier 
analysis, one of the oldest mathe- 
matical-engineering tools, is usable 
as a design approach in the widest 
range of applications. In system and 
subsystem design, it permits the 
engineer to design or select devices 
for a particular transient perform- 
ance solely on the basis of their 
steady-state sinusoidal performance. 
Many control-system engineers use 
aspects of Fourier analysis without 
recognizing the source of their 
methods. A thorough theoretical 
background on Fourier analysis is 
presented plus a discussion of the 
areas of application with specific 
examples to point up particular 
problems which are often en- 
countered. Written by Ira Ritow, 
Airborne Instruments Lab. $1.00 


Fundamentals of Ferromagnetism Introduction to Semiconductor Theo- 
ry, January 1959, 24 pages plus 
cover. A detailed discussion of con- 
Introduction to Semiconductor Theory duction processes in semiconductors 
Engineering Applications of Boolean Algebra written for the design engineer and 
presented as a basis for understand- 
ing the physical principles of opera- 
Slide Rule Methematics tion of semiconductor components. 
Classes of devices are described 
by simplified mathematical and 
Casting Resins and Application Techniques graphical representation of para- 

$ meters in terms of operating point 

sneeepmsaoacee —_——__—_—— and temperature. Theory of solids 
Total Copies Total Order is presented, followed by a discus- 
sion of the qualitative aspects of 

TO: ELECTRICAL MANUFACTURING, 1250 Sixth Avenue, New York 20, N. Y. semiconductors. P-N junction and 
metal-semiconductor contact theory 
is described and the effects of volt- 
age, temperature, and other ex- 
ternal influences are analyzed. Tran- 
ADDRESS sistor theory is then presented in 
terms of the basic conduction proc- 

CIty . rere: esses in a p-n junction. $1.00 


Using Fourier Analysis in Design 


Five-Year Annonated Editorial Index 


Human Engineering in Equipment Design 


NAME ..... : .. TITLE 


COMPANY 


(Add 3% City Sales Tax for New York City delivery.) 
Engineering Applications of Boolean 


ELECTRICAL MANUFACTURING 





a LOT of Relay 


ina 
little space 


This latest Automatic Electric achievement com- New Class “‘E”’ Relay 
- . ° ‘ 66TD99 measures only 
pacts all the features of the famous Class “B” relay 2M" x 1%" x 1,” 
H ni snare : 164 _— antGinw d minimum (2 springs) to 
in minimum space and weight—with no sacrifice of 12%" (10 springs) 
quality or ruggedness. 


LOOK AT THE IMPORTANT FEATURES 
THIS NEW CLASS “E" OFFERS: 


e miniaturized; telephone-style base mounting for rear- 
connected wiring eheavy-thickness armature arms 
prevent loss of stroke with large pileups » heavy-duty 
backstop that won't break or wear out «adequate terminal 
clearances for easy wiring « long-life, lubricant-retaining 
bearing arranged to provide a visual check of the heel- 
piece airline setting without disturbing the adjustment 
» twin contacts standard; all springs bifurcated for maxi- 
mum independence e sturdy, strain-relieved heelpiece 
insures stability of adjustment » 13 springs can be pro- 
vided in certain applications 
Class “E"' Relays are available 


in the following series: 


EQA—Quick Acting ES A—Slow Acting” 
ESO—Siow Operate EFA—Alternating Current 
ESR—Slow Release EMS—Snap Action Contacts 


*slow operate and s/ow relea 


Class ‘‘E"’ Relays can be supplied plug-mounted 
(with or without cover) or hermetically sealed (max 
imum 4 springs per pileup) in enclosure AE-3300 99% pure isn’t pure enough —the relay iron we use at Automatic 
Electric must meet specifications of 99.8% purity, including, for 
example, carbon content limit of .02. To obtain highest magnetic 
permeability, material is treated for periods up to 7 hours in roller 
Canada: Automatic Electric Sales (Canada) Ltd., hearth annealing furnaces. Highest standards of quality control insure 
Toronto. Offices in principal cities. the well-known dependability of AE Relays and Switches. 


AUTOMATIC ELECTRIC 


subsidion ot GENERAL TELEPHONE 
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For more information, call or write Automatic 
Electric Sales Corporation, Northlake, Illinois. /n 





Ceramic Parts—can help prevent production losses 


Highly accurate porcelain, refractory, 
Steatite or filter body parts from 
Wisconsin Porcelain Co. help you avoid 
expensive production stoppage due to 
irregular, bad fitting components. 

Consider, too, that Wisconsin Porce- 
lain Co.’s expert engineering assistance 


It costs nothing to find out what we 
can do for you. Why not send us your 
ceramic parts requirements today? A 
sample or a blueprint will do. You'll 
get a prompt reply. 

Serving the Electrical and Electronic 

Industries since 1919 


Algebra, 68 pages. A design guide 
to the analysis and synthesis of 
switching circuits and logic sys 
tems—both combinational and se 
quential—in any medium: mechani- 
cal, electrical, hydraulic, electronic 
or solid state. Includes five pre 
viously published articles plus a 
never-before-published appendix. 


e Language and Laws of Boolean 
Algebra 
Analyzing Combinational Cir- 
cuits by Boolean Matrices and 
Karnaugh Maps 
Analyzing Specifications and De 
signing Circuits 
Circuit Design Using Boolean 
Matrices and System Synthesis 
Using State Coding 
e Designing Sequential Circuits 
plus (available only in this com 
bined reprint) 
e Electronic Sequential Circuits 
e Tabular Reduction Techniques 
e Selected Bibliography 
Written by Boris Beizer, Airborn« 
Instruments Laboratory, and Ste 
phen W. Leibholz, Republic Avia 
tion Corporation. $2.00 


backed by 40 years of experience is Five-Year Annotated Editorial Index 


WISCONSIN PORCELAIN CO. 
115 MARKET ST. + SUN PRAIRIE, WIS. 
(In the Chicago Industrial Area) 


available to help you find the most 
efficient, most economical answer to 
your ceramic parts needs 
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PLUGS 
AND SOCKETS 


Jones Series 300 illustrated. Small Plugs G Sockets for 
1001 Uses. Cap or panel mounting 


i 


$-306-AB 
Socket with 
Angle Brackets. 


P-306-CCT 
Plug. Cable 
Clamp in Cap 


Knife-switch socket contacts phos- @ Metal Cops, with formed fibre lin- 
phor bronze, cadmium plated ings 
Bar type Plug contacts brass, cad- 
mium plated, with cross section of 
5/32" by 3/64”. 


@ Made in two to 33 contacts 


e@ For 45 volts, 5 amperes. Efficient 
at much higher ratings where cir- 
All Plugs and Sockets polarized. cuit characteristics permit. 


Insulation molded bakelite. 


Ask for Jones Catalog No. 22 showirg complete line of Electrical 
Connecting Devices, Plugs, Sockets, Terminal Strips. Write or wire today 


Visit Booth 2535 at The IRE Show 


HowaARD B. JONES DIVISION 


CINCH MANUFACTURING COMPANY 
SHICAGO 24, LLLINOIS 
DIVISION OF UNITED-CARR FASTENER CORP. 
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to Electrical Manufacturing, 60 
pages. A short-cut to research for 
design engineers. Book lists, by 
functional subject classification and 
with succinct annotations, every 
feature article and major “Design 
Trends” short article published in 
ELECTRICAL MANUFACTURING dur- 
ing the 5-year period from 1951- 
1955. $1.50 


Slide Rule Mathematics, 20 pages, 


plus 4 practice slide rules printed 
on a separate sheet of heavy stock 
for easy cut-out. A practical guide 
to the understanding of the slide 
rule and its application to engi- 
neering problems, this combined 
reprint of a 2-part article traces 
the logical development of the 
slide rule’s fundamentals and com- 
plete concise instructions for its 
use. Over 50 two-color illustrated 
examples of step-by-step slide rule 
settings are given. Major topics 
include: 
e The Basic Slide Rule 
e Variations on Basic C-D Opera- 

tion 

Trigonometry 

The Log-Log Scales 

Vector Diagrams 

Hyperbolic Functions 

Phasor Calculations 

The Circular Slide Rule 
Written by Ira Ritow, engineer- 
teacher-author, whose previously 
published work in ELecrricaL 
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GLOBE MODEL VS / D.C. MOTOR 














—o} 4375 


TYPICAL MOTOR PERFORMANCE DATA 


TORQUE (NCH.QDN 


NEW FLAT MOTOR / SMALLEST YET 


Globe Industries announces a new precision 
miniature d.c. motor, the smallest we have 
made. Like all Globe motors, it can be modi- 
fied easily and quickly to meet your electrical 
and mechanical requirements. It is called the 
VS, and takes its place with the SS, MM and 
LL in Globe's family of superb quality motors. 

The VS weighs 1%4 ozs., is 7%, in. thick. A 
breakthrough in miniaturization, it can deliver 
.2 02. in. of torque at 10,000 rpm and is the 
first precision motor of its size available. Mul- 
tiple units can be gang-mounted in modules. 

The fastest way to get full technical data 
on the VS motor is to phone or write direct: 
Globe Industries, Inc., 1784 Stanley Avenue, 
Dayton 4, Ohio, Telephone BAldwin 2-3741. 
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° MANUFACTURING includes “Capsule 
a igh Tem pe ra tu re Calculus” and the 5-part series 
“Fundamentals of Servomechanism 

Design.” $1.00 


Human Engineering in Equipment 
Design, 94 pages. Ten previously 
published articles dealing with the 
theory, techniques and practice of 


human engineering written for the 
special needs of the designer of 
electrically energized machines, 
equipment, appliances and instru- 
ments. Relationship between human 
engineering and broad aspects of 
reliability and maintenance are dis- 
cussed. Certain articles emphasize 
design case histories and analyses of 
specific design parameters, includ- 
ing problems in military equipment, 
control systems, data processing 
systems, special-purpose instrumen- 
tations and training devices. Meth- 
ods for setting up human engineer- 
ing groups within an engineering 
organization are given. $2.50 


Casting Resins and Application Tech- 
niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and com- 
ponents, Individual articles cover: 
Property data on casting resins; 
Evaluation tests on resin systems; 
Results of environmental tests on 
embedded units; Process contro] 
problems. Annotated bibliography 
of articles is included. $2.00 


The handy Order Form on page 
194 is provided to expedite your re- 
quest for any of the foregoing Special 
Reprints. 





Postcard return forms are provided 
on page 17 as a convenience to the 
reader in obtaining 
MAGNET WIRE Fastest delivery ... highest quality ... opti- 
LEAD WIRE mum reliability ... these are the qualities New Components and Materials 
MINIATURE CABLES that make Super-Temp’s TEFLON* insulated, Additional data from the supplier 
JUMBO CABLES high temperature wires first choice all the a ene Stan ureesinwell. 
LACING CORDS time. Super-Temp has the right wire, cable or 
TUBING tubing, designed for specific applications, or Literature for the Design 
SPECIALTY WIRE can fabricate them to your particular require- Engineer 


TEFLON TAPES ment. A copy of any manufacturer's 


NEED IT FAST? . . . SEE SUPER-TEMP FIRST! publication reviewed. 





FREE/ le = — Feature Article Reprints 
ome e |e | i SS upe)-: Single copies of selected feature 
en or 5 ; 4 
) } articles, 
Valuable j SB — 


NEW 64 A. American Super-Temperature Wires, Inc. iia tilt, 


Page 


- 
Catalog ig 26 West Canal Street, Winooski, Vermont e University 2-9636 More information on any product 
3 : General Sales Office: 195 Nassau St. * Princeton, N. J. * Walnut 4-4450 or service described. 


Agents in principal electronic manufacturing areas 
See us at the IRE SHOW—Booth 4424 


*DuPont’s TFE Resin 
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' | ( Q efficiency at 
' 7 ( “ operating temperatures 


SILICON 


= a9 POWER 
iy TRANSISTORS 


Available Now in production quantities! 


The Westinghouse Silicon Power Transistor pictured 
above is a highly efficient device which greatly increases 
the range of applications for transistors which must oper- 
ate without high losses in the “true power range.”” Thanks 
to a remarkably low saturation resistance—less than .750 
ohms at 2 amperes and .5 ohms at 5 amperes—these tran- 
sistors possess very low internal dissipation, and can be 
efficiently used in applications where they must handle as 
much as 1000 watts. For example, as a DC switch, handling 
750 watts (150 volts at 5 amps) the internal dissipation is 
about 9 watts, with an efficiency of better than 99%. 

Additionally, and unlike germanium units which are 
limited to approximately 85°C, these transistors can oper- 
ate in ambient temperatures up to 150°C. Thus, even where 
the higher power rating is not required, these units may 
be used for their high temperature capabilities. 

There are a great many applications for which this new 
type of silicon power transistor is ideally suited. It will find 
use in inverters or converters (AC to AC; AC to DC; 
DC to AC; DC to DC), regulated power supplies, servo 
output, and other aircraft circuits, as well as in certain 
amplifiers and switching applications. 

Westinghouse Silicon Power Transistors are available 
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in 2 and 5 ampere collector ratings. Both of these are 
available in 30, 60, 100, and 150 volt ratings in production 
quantities for your immediate applications. Sample quan- 
tities are available in higher voltage ratings. Call your 
Westinghouse representative or write directly to Westing- 
house Electric Corporation, Semiconductor Department, 
Youngwood, Pennsylvania. 


LOW SATURATION RESISTANCE 


Important improvements in 
silicon purification and 
transistor fabrication have 
produced a new series of 
Westinghouse Power 
Transistors of exceptionally 
low saturation resistance. 


O° Oo 20 30 ) m 
1¢-COLLECTOR CURRENT (amperes) 


you CAN Be SURE...1F ITs 


Westinghouse 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages 17 and 19. 








Literature 


for the 


{ll-new listings of manufacturer's literature just off the press 


including catalogs, manuals and other reference publications relat- 


ing to components and materials for designed-in use in electrically 


energized end products. 





HIGH - TEMPERATURE WIRE 1959 
Catalog on Teflon insulated wires and 
cables is a 64-page publication of 8 
sections with engineering information 
on high-temperature magnet wire, lead 
wire, cables, tubing, and Teflon tape. 
Contains easy reference data on mili- 
tary specifications, temperature ranges, 
wire and cable constructions, colors, 
Also contains technical bul- 
letins. American 


Wires. Ine. 


tests, etc. 
Super-Temperature 


> 632 


PLASTICS GLOSSARY 


sary of 


32-page_ glos- 
plastics terms includes 26 
pages of standard definitions supple- 
mented by a 6-page glossary of Marlex 
olefin polymer working terms as com- 
piled and used by the company’s engi- 
neering staff in connection with the 
processing of olefin polymers, Phillips 
Chemical Co. > 633 
ENGINEERING DRAWING MICRO- 
FILMING—Reprint of 16-page_ illus- 
trated story of the Westinghouse pro- 
gram for automation of its engineering 
drawing microfilming and reproduction 
procedures discusses cost factors, major 
developments in microfilm and _ process- 
ing equipment, and the potentials in 
engineering drawing automation. Film- 
sort Co., Div. of Miehle-Goss-Dexter, 
Inc. > 634 


PHOTOCELLS 


ties of series of miniature polycrystal- 


Data sheets list proper- 


200 


line photoconductive cells consisting of 
photoconductive material on one side 
of a ceramic wafer. Indium electrodes 
symmetrically cover part of the surface. 
Clairex Corp. > 635 


TEMPERATURE-MILLIVOLT TABLES 
Conversion tables for thermocouples 
make it possible to convert quickly 
either F or C temperatures, in 5-deg 
increments, to mv values for eight dif- 
ferent thermocouple calibrations. The 
chart folds in half to 81% x 11 in. size 
and is punched for a three-ring binder. 
May also be used as a wall chart. 
Thermo Electric Co., Inc. > 636 


MICROWAVE STANDARDS Applica 
tion Note 21, a 36-page booklet. de- 
scribes the latest techniques and instru- 
mentation for making various micro- 
wave standards measurements. Titled 
“Microwave Standards Prospectus,” it 
includes many system block diagrams 
and accuracy curves, also a detailed 
list of the latest equipment available 
for standards measurements. Hewlett- 
Packard Co. >637 


INSULATING TUBINGS AND SLEEV- 
INGS—Pocket file folder includes series 
of bulletins describing  vinyl-glass 
sleevings (511-H); heat-treated fiber- 

lass sleevings (512); silicone fiber- 


extruded vinyl tubing 


514-A) ; 
515- 


g 
g 

glass sleevings, varnish and _ rubber 
( 

( B): Teftube 


Teflon extruded 


tubing (516-B); Ben Har lacing tapes 
(517): also two data sheets on poly- 
ester-type varnished fiberglass and 
“Acryliglas” Lecton-coated fiberglass 
sleevings with 20 samples of the va- 
rious types. Bentley, Harris Manufac- 
turing Co. > 638 
INSULATING TUBING—Four - page 
brochure on PTFE (polytetrafluoro- 
ethylene) tubing includes a gate-fold 
chart listing mechanical. 
chemical and thermal properties of 
the high temperature tubing. Cross- 
reference 


electrical, 


charts are provided for 
“Super - Thin,” “Thin- Wall” and 
“ASTM Wall” PTFE tubings by AWG 
size and footage. Another chart lists 
dimensional tolerances for all PTFE 
tubings by AWG size. Irvington Div.. 
Minnesota Mining & Manufacturing 
Co. -> 639 


SEMICONDUCTOR PRODUCTS — Cata- 
log includes transistor chart, transistor 
replacement chart, and data sheets on 
a number of germanium transistors 
and silicon rectifiers. Red Bank Div.. 
Bendix Aviation Corp. > 640 


FASTENERS Form 2460. 
putting names to the shapes of more 
than 70 different fasteners normally 
specified for aircraft, missile, engine 


Four-page 


and related applications only by their 
standard (NAS, AN, MS) 
designations, spot-illustrates each 
with identifying front and_ side-view 
sketches, then tells what type of fast- 
ener it is. To simplify recognition and 


national 


comparison, data is presented in simple. 
outline form. Fasteners are listed nu- 
merically by national standards num- 
ber and source of each fastener is 
listed, and in many instances min ten- 
sile or shear strengths are cited. 
Standard Pressed Steel Co. >641 


ADJUSTABLE SPEED ELECTRIC DRIVES 

Catalog 11058 is a 16-page_ illus- 
trated compilation of technical data 
which includes a discussion of the basic 
methods for operating d-c motors from 
a-c power sources. Typical schematic 
diagrams are included, also specifica- 
tions, speed and torque rating, etc. of 
the Servo-Tek drives. Servo-Tek Prod- 
ucts Co. >642 


SILICON RECTIFIERS 


18-page handbook containing electrical 


Catalog 69 is a 


ratings, performance data, dimensional 
drawings and illustrations. This revised 
and enlarged edition also deals with 
rectifier theory, manufacture. 
characteristics and application. Sarkes 
Rectifier Div. >643 


silicon 
Tarzian, Inc., 


PRECISION SWITCHES—Catalog 101d 
(revised), 24 pages, covers the repre- 
sentative line of micro-switch precision 
snap-action and mercury switches and 
includes data on high temperature, 
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TWO METALS ARE OFTEN 
BETTER THAN ONE 


; ~ spRING TEMPER 
STAINLESS CLAD co 


> 


. between the 
Limitations of Single Metals with 
GENERAL PLATE CLAD METALS 


The performance of a single 
metal will go so far... but 
frequently not far enough. 
And to bridge the gap be- 
tween the limitations of 
single metals and the desired 
results, clad metals are used 
to obtain the requirements, 
or to do the job better... 
often at lower cost. That’s 
why manufacturers of all 
types of products turn to General Plate for reeommenda- 
tions on their metal requirements. For instance .. . for 
electrical spring manufacturers, General Plate has 
developed: 


Bronco*, phosphor bronze double-clad on copper to pro- 
vide higher electrical conductivity without increasing 
cross-sectional area of spring blades. 


Conflex* hardenable steel clad on one or both sides with 
sheet copper to obtain a superior spring material with 


You Can Profit 
with General 
Plate Products... 


METALS & CONTROLS | 


General Plate Division 


better electrical conductivity and greater strength at 
lower cost than comparable copper alloys. And the 
copper surface is excellent for electroplated finishes. 


Spring Tempered Stainless Clad Copper for spring blade 
service in applications requiring high electrical conduc- 
tivity and excellent resistance to various types of cor- 
rosion. 


If you are seeking metals with useful characteristics that 
can’t be found in a single metal or alloy, investigate clad 
metals. If you want stronger or lighter components — or 
better electrical and mechanical properties or fewer 
corrosion problems — or if you are interested in conserv- 
ing critical metals or reducing parts costs, you can profit 
by using General Plate Clad Metals. 


Write for a General Plate catalog today. Or better yet, 
why not talk over your requirements with a competent 
field engineer. His knowledge of the applications of clad 
metals is yours for the asking. No obligation, of course. 


[ *Reg. Trade-Mark U.S. Pat. Off. and Foreign Countries 


CORPORATION 


1903 Forest St., Attleboro, Mass. 


FIELD OFFICES: NEW YORK * CHICAGO * DETROIT * INDIANAPOLIS * MILWAUKEE * PASADENA 
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T502U HEAVY DUTY VARIABLE TRANSFORMER. 


Square aluminum base type for interchangeability 
and ease of mounting back of panel. Type T502U 
Adjust-A-Volts give smooth, continuous control of 
voltage in heavy industrial and commercial power 
equipment where control of heat, light and speed 
is essential. Available in ganged assemblies and 
motor driven. 


Yel -reibiler-) ¢lelar Write for 22 page catalog on the complete 
Adjust-A-Volt line which includes standard 
Input Voltage 230V bench and panel mounted manual or motor- 
Load Rating (KVA) 75 driven units, 50/60 or 400 cycle; high 
temperature; double commutator; military 
Output Voltage 0-270V and special designs. Single or three phase 
Max. Current (Amp.) 32.5 —ratings up to 130 KVA 


Rated Current (Amp.) 20) Adjust-A-Volts are stocked by leading jobbers 
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maintained - contact, explosion - proof, 
high capacity, proximity, oil-tight, en- 
vironment-free and multicircuit types 
with photos, dimensions, electrical rat- 
ings, characteristics and application 
information. Micro Switch. > 644 


TUBING AND SLEEVING — Selector 
card, 814 x 11 in. for either desk or 
wall use, contains samples of 21 grades 
of insulation. Size gage displays sepa- 
rate samples in 22 graduated sizes 
from No. 24 through %¢ in. Information 
on each type in chart form for quick 
reference with color charts and pack- 
aging data. Suflex Corp. 645 


POWER SUPPLIES Catalog 59, 36 
pages, contains information and speci- 
fications on transistor-regulated and 
tube-regulated supplies with outline 
drawings of the equipment and _ pic- 
tures of various power supplies in use. 
Lambda Electronics Corp. > 646 


CORROSION DATA OF ALLOYS—A 
comprehensive guide to the corrosion- 
resistance of “Haynes” alloys is the 
10-page booklet F-30131 containing 
charts and graphs that show penetra- 
tion rates for the alloys in over 250 
corrosives ranging from acetaldehyde 
to zinc sulfate. Booklet provides a 
quick reference for “Hastelloy” alloys. 
“Haynes” alloy No. 25, and “Multimet” 
alloy. Haynes Stellite Co.. Div. of 
Union Carbide Corp. >647 


PULSE TRANSFORMERS — Catalog, 24 
pages, is complete with tables, charts 
and schematics with information on 
2000 standard design transformers as 
well as case types and specifications 
data on transformers of custom design. 


PCA Electronics, Inc. ->648 


INTERFERENCE SHIELDING RFI De- 
signers Data File, illustrated, contains 
technical data and practical informa- 
tion about RFI gasketing materials and 
includes problem outline sheets. Tech- 
nical Wire Products, Inc. >649 


PRINTED WIRING BOARDS Printed 
wiring design criteria are featured in 
illustrated Catalog E-4. Standardized 
definitions and military design stand- 
ards are presented with pictures and 
descriptions of various electronic com- 
ponents adaptable to printed wiring 
boards. Rowe Engravers. 650 


MODULE-TYPE RELAYS—Bulletin 160- 
A describes a unique series of relays 
designated Model TT and TS which 
incorporate spring combinations mold- 
ed into a single compact assembly for 
permanent alignment, operating stabil- 
ity, high sensitivity for their size, and 
high ambient operating capability. 
Ohmite Manufacturing Co. > 651 

(Continued on page 204) 
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A HOFFMANSEMICONDUCTOR APPLICATION CASE HISTORY 


For new semiconductor application ideas SO LVED 
visit Booths 3242-3243 at the |.R.E. Show 


FOR 
ELECTRONIC 
TRAFFIC 
CONTROLS 





ZENER 
REGION 





en 1 E characteristic curve 
Hoffman Silicon Diodes 


if you need a job in electronics done quicker and better, contact 
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ELECTRO-MATIC® Traffic Controls manufactured 
by Eastern industries Inc. of Norwalk, Connecti- 
cut, require stable circuitry under extreme en- 
vironmental conditions. 


Hoffman Silicon Diodes were chosen to be used 
as “clippers” in a relay circuit which is in- 
corporated into the magnetic amplifier for a 
novel vehicle radar detector. 


Hoffman offers the circuit designer the widest 
range of silicon diodes to choose from, with 
PIV’s from 6.8 volts through 470 volts and 
maximum forward current ratings of 130mA 
down to 9mMA.. . extended operating tempera- 
ture range of from —65°C to +200°C. De- 
signed to operate under severe environmental 
conditions, Hoffman Silicon Diodes are en- 
capsulated in an oil filled, hermetically welded 
can with compression type glass-to-metal seal- 
ing at the lead ends. 


For details consult the Hoffman Semiconductor 
Applications Specialist in your immediate area 
or write Department SJD. 


CORPORATION 
SEMICONDUCTOR DIVISION 
930 PITNER AVENUE = EVANSTON, ILLINOIS 
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From AMCO you get realistic 3 week 
delivery on modern, quality instrument 
enclosures exactly suited to your needs 


Every single component you need for top- 


quality, enclosures is 


Custom-appearance 
made by Amco, including blowers, chassis 
slides, cowling lights, heavy-duty dollies, all 


necessary under 


hardware, and, combined 
one aiscount schedule for Dig savings 
edi t schedule for big gz 
For custom appearance, multi-width com- 
ponents, an Amco exclusive, are used and 
assembled for you at the factory. 
The Amco design provides full service ac- 
cessibility, 


maximum Operator convenience 


together with great strength and lasting 


durability 


Amco staff members work closely with 


commercial and military standards commit- 


tees to up-date existing specifications to 
meet changing instrument, equipment and 
design requirements 

Amco also services your problem areas 
Where enclosure modification is indicated to 
meet unusual system 


requirements, such 


modification is carefully developed, blue 
printed and permanently filed for reference 
and future duplication. 

Look through the new Amco catalog. See 
how this well-organized system can simplify 
your enclosure problems If you don't yet 


have your copy, write for it now 


E.1.A. mounting standards, Realistic 3 week delivery 


Amco 


AMCO ENGINEERING Co. 


7333 W. AINSLIE STREET ¢ CHICAGO 371, ILLINOIS 


Factory-trained representatives in all principal U. S. cities and Canada 


Circle 193 on page 17 


RESISTANCE THERMOMETER WIRE 

Brochure shows resistance vs tempera- 
ture graphically from 0 to 500 C with 
various pure metals and alloys used in 
thermometry, includes various types of 
enamel that can be applied to the wire 
requirements. 


>652 


for particular wiring 
Secon Metals Corp. 


MAGNETIC STARTERS — Booklet EN 
150, 15 pages illustrated, 
Three Star line of a-c magnetic starters 
(Bulletins 9586 and 9656) in NEMA 
4 for both reversing 
and non-reversing single-phase and 
with details of 
component units and elements, magnet 


describes 


sizes 0 through 


squirrel-cage motors 
coils, overload relays. contact assembly. 
Cutler- 

> 653 


enclosure types and _ others. 


Hammer Inc. 


CERAMIC CAPACITOR GUIDE 
Reference Guide. 16 
600 ceramic capacitors (stock) by type 


Cross- 
pages. lists over 
and rating, with equivalent units of 
other manufacturers (where available) 
listed next to Centralab capacitors for 
determining sources for any given ca 
pacitor. Separate sections are devoted 
disk and 
types, temperature compensating disks 
dual 
volt- 
feed- 


accuracy 


to general-purpose tubular 
and tubulars. high-voltage disks, 
capacitors, buffer capacitors, low 
stand-off and 
transmitting, high 
and trimmer capacitors. Centralab, Div. 
654 


age capacitors, 


through, 
of Globe-Union., Inc. 


DIGITAL SYSTEMS 


log, 4 pages. on complete digital sys- 


Short-form cata 
tems line, and 2-page flyer on a digital 


voltmeter list product features, brief 
specifications on voltmeter, control unit. 
preamplifier, a-c/d-c converter, ohmme- 
ter, scanners, printer control units and 
ratiometer. Cubic Corp. >655 
MAGNETIC AMPLIFIERS—The question 
“What is a amplifier?” is 


answered in the latest issue of “Techni- 


magnetic 
Topics.” a 6-page bulletin containing a 
brief technical discussion of basic the- 
Illus- 
graphs. 


> 656 


circuitry 
trated by 12 
Magneti 


ory, and applications. 
diagrams and 


Controls Co. 


PHENOLIC PRODUCTS 


ins, varnishes and molding powders are 


Phenolic res- 


described in 8-page illustrated bro 
chure CDC-358 with technical data on 
phenoiic molding powders, laminating 
varnishes and industrial resins. Chem 
ical Materials Dept., General Electri: 
Co. >657 


POWER LUBRICATION SYSTEMS-—Cat- 
alog 81, 32 pages illustrated, describes 
complete line of industrial lubricant 
application equipment, fittings and ac- 
with descriptions of 


automatic 


cessories, com- 
centralized 


semi-automatic and manual methods of 


pletely systems. 
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Industrial Laminates 


Flame dies 2 seconds 


from General Electric—the company that stands for 
reliability in the electrical and electronics industry 


after torch is removed 


SELF-EXTINGUISHING G-11 EPOXY-GLASS LAMINATE 
RETAINS HIGH FLEXURAL STRENGTH AT 150°C. 


New high-temperature transparent General Electric Textolite" 11559 


has exceptional mechanical and electrical properties . . . developed 


especially for computer and military electronic printed circuits 


High insulation resistance and flexural strength even at 
150°C.—that’s what you get with new General Electric 
Textolite Grade 11559 epoxy-glass electrical laminate. 
Self-extinguishing 11559 exceeds NEMA G-11 require- 
ments and Specification MIL-P-18177, Type GEB. 
Here’s how Grade 11559 performs: 


e Insulation resistance: 20,000,000 megohms at 50°C.; 
500,000 megohms at 165°C. 


e Flexural strength: retains 65°, of room temperature 
strength at 150°C. 


e High peel strength: 9 lbs. /in. for 1 0z. copper-clad; no 
blistering after 30 seconds in molten solder at 500°F. 


The base laminate withstands the effects of concen- 
trated nitric acid and all conventional etching and 
plating solutions. In addition, 11559 is the only G-11 
laminate that is self-extinguishing—has approximately 
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11559 is 


available unclad or clad with 1 or 2 oz. copper. 


2-second flame-out time. Textolite Grade 


Consult Sweet’s Product Design File, Cat. 2b /Gen., for 
technical information on the complete line of Textolite 
laminates. Or for a brochure showing test data on Grade 
11559—or engineering assistance for special problems 
call or write: Technical Service, Laminated Products 
Dept., General Electric Company, Coshocton, Ohio. 


Textolite’ 


INDUSTRIAL LAMINATES 


GENERAL @@ ELECTRIC 


Live Better Electrically—Electricity Builds Jobs 


on page 17 





lubricating machines. Lincoln Engi- 
neering Co. > 658 


| VARIABLE - SPEED PULLEYS —- Catalog 
70, 24 pages, describes the 400 series 
of variable-speed and combination pul- 
leys. Many applications are illustrated, 
all types of pulley controls are ex- 
plained and charts describe sizes, rat- 
ings and how to select variable pulley 
| drives. Lewellen Manufacturing Com- 
pany. 659 


FLEXIBLE COUPLINGS —— Six-page Bul- 
letin 205 describes standard and spe- 
| cially-engineered bonded rubber coup- 
lings. Custom engineered couplings are 
|| illustrated in typical installations indi- 
|| cating a wide range of size and torque 
capacity. Lord Mfg. Co. 660 


DIGITAL LOGIC——An 8-page brochure, 
seventh in a series of semiconductor 
application notes and titled “Simplified 
Design of Digital Logic Using Magna- 
log System,” illustrates and describes 
12 typical applications for Magnalog 
logic modules. Semiconductor  Div.. 


Hoffman Electronics Corp. > 661 


TERMINAL BLOCK CONNECTORS. 
Technical bulletin describes Camblock 
connectors using cam action for posi- 
tive connections with 14 turn of a 
screwdriver. Cites test results and gives 
i A ky i performance data and other specifica- 
re y on mp eno tions for terminal blocks with 2 to 20 


stations, current ratings of 15, 20, and 


30 amp. Camblock Corp., Div. of 
uc |BBON CONNECTORS Willor Mfg. Corp. > 662 


Since their introduction a short time ago, MEMORY SYSTEMS— Technical Bulle- 
AMPHENOL Micro-Ribbon connectors have been tin 58-B, 4 pages illustrated, describes 
used in an ever-increasing number of high- Model 3122 random access store. one 
reliability applications: Radioactivity record- of a series of random-access memory 
ers, relays, telephone equipment, computer systems for data processing. Rese En- 
modules, satellites—in hundreds of miniaturized gineering, Inc. > 663 
applications where there can be no compromise 
with reliability. LOCKNUTS — Four - page brochure de- 
Micro-Ribbons are the first miniature rack scribes one-piece reusable prevailing 
& panel connectors to provide increased reli- torque locknut, Conelok, with complete 
ability over their standard-size counterparts. 
With an improved “ribbon” contact (no tiny 
pin contacts to bend and misalign) , Micro-Rib- 
bons mate smoothly and efficiently, have easy 
insertion and extraction. Both mating members 
are self-wiping, self-cleaning members with 
double contact action at all times. 


engineering data and_ specifications. 


National Machine Products Co. —>664 


MINIATURE TRANSFORMERS —Readvy- 
reference short-form catalog lists com- 
plete specifications of miniature. sub- 
miniature, transistor, ML-T27A and in- 
dustrial transformers. Microtran Com- 
T ; pany, Inc. > 665 
Rack & Panel Mating Cable-to-Chassis Mating Fi 

Contacts Piugs | Receptacles Plugs Receptacles 
14 57-10140 | 57-20140 57-30140 57-40140 

24 57-10240 57-20240 57-30240 | 57-40240 ° we 
mentary contact switches, 1901 Series, 
* 7-10508 7 vachn 37-40360 with details of design, construction. 
50 57-10500 57-20500 | 57-30500 57-40500 slertetoul 








CONTACT SWITCHES Specification 


sheet describes series of 30-amp mo- 























and mechanical operating 
characteristics, UL ratings, dimension- 
al data and application recommenda- 


tions. McGill Mfg. Co., Inc. > 666 


Investigate the features and specifications of AMPHENOL Micro-Ribbon 
connectors—write for complete information. 


\ ) THER JL) connector division FERROMAGNETIC MATERIALS— Four- 
AMPHENOL-BORG ELECTRONICS CORPORATION page bulletin on Ferrotron materials, a 


chicago 50, illinois ELECTRICAL MANUFACTURING 
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LIBRASCOPE 
SHAFT-TO-DIGITAL ENCODERS 
meet and surpass rigid requirements of air- 
borne analog-to-digital translation despite 
environmental extremes. Shock, vibration, and 
severe temperatures do not affect their con- 
tinuous, noise-free operation. 


CONDITIONS: VARIABLE 
ACCURACY: CONSTANT 


THEY'RE DIRECT Librascope encoders provide 
a simple, one-step means of digitizing analog 
data. 


ACAY 


THEY'RE RUGGED Operation is unaffected by 
30g shock, 0 to 2000 cps vibration, through- 
out a range of —55° to + 100°C. 


THEY'RE RELIABLE Multi-million turns at high 


A SSK 


spgeds with constant contact resistance. 
App FWEV'RE versatice 14 basic models in a wide 
",. , range of capacities with special function codes 
“pyle to simplify computer requirements. 


rel 
4 IK 


MODEL 740 MODEL 713 MODEL 758 MODEL 724 MODEL 708 


TOTAL RESOLUTION DIMENSIONS 
OUTPUT CODE MODEL NO. @ CAPACITY PER TURN DIA. x LENGTH 


PARALLEL 740 10 bits (1024) 1024 4," x 2%” 

BINARY 743 13 bits (8192) 128 2” x 3%,” 

(LINEAR) @AIl models available with internally mounted 
eaten 707 | 7 bits (128) 128 2” x 2%,” isolation diodes for sequential multiplexing ap 
713 13 bits (8192) 128 2” x 3'%,” plications. 

717 17 bits (131,072) 128 2” x 4',” 

719 19 bits (524,288) 128 2” x 4',” 
757t 7 bits per quadrant* a: 512 2%" x 4k,” ; all 
(4 quadrants) “Including limit 1 and polarity information. Sine 
758+ 8 bits per quadrant* 1024 4%" x 3K,” and cosine functions generated simultaneously 
(4 quadrants) and independently. One turn of shaft generates 
200 3%" 4%," 4 quadrants of information. 














SERIAL 
BINARY 
(LINEAR) tAvailable in hermetically sealed servo-driven 


package as Models 757-S and 758-S 








BINARY 
(SIN-COS) 
BINARY 
CODED 
DECIMAL 
(8-4-2-1) 


| 

—_— ——4}-—__ - t 
723 2,000 

724 20,000 200 3%” x 47%,” . ; ; 

733 3,600 200 344” x 42%," For full details on Librascope 

734 36,000 200 3%,” x 6%” me 

735 360,000 200 3%," x 6%" shaft-to-digital encoders write 


708 8 bits (256) | Be" x 1%,” for catalog E 11-1. 








p——p —— -— -—--—4-— -~----——-_4 —— 


GRAY 

















0001 
0010 A 
0011 


: o GENERAL 
ee LOC PRECISION. 
0110 COMPANY | 


J 





For information on career opportunities at A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 
Librascope, write Glen Seltzer, Employment Manager. _LIBRASCOPE, INC. 40 East Verdugo Avenue * Burbank, Calif 
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only the 


7 1ST . . takes only 5 seconds per fixing point . 








CSE cradlectip 








TRADE MARK 


WIRING 
SYSTEM 


offers these advantages to designers and 
producers of wire harness assemblies ! 


many times 


faster than any other methods now in use. Provides a sig- 
nificant savings in time and labor . . 


. speeds up production. 


ALEXVGLE . . . ideal for the harnessing of any type of elec- 


trical or electronic wiring system. In case of design 
changes wires may be quickly and easily removed or re- 


located . . 
reclose the clip . . 


. merely open the clip, remove the wire and then 
. it's fast, easy and economical. No need to 


use new fastening devices for each change as with other 
methods. Saves time and materials. 


LAAIUENT . . . “Cradleclips” not only provide a strong, 


vibration-free method of anchoring and binding 
wire harnesses but also provide greater ventilation for the 
cables. Cradles hold cables free of panel walls for excellent 
air circulation and heat dissipation. Provides a better cable 
rating with the possibility of using smaller diameter cables or 
the same diameter with a higher load. 


ALL BACKED UP BY FACTUAL PROOF 
IN THIS TIME STUDY REPORT... 


Tests conducted by an independent Time-Study Organiza- 
tion provide positive proof of the time and material savings 
that can be realized through the use of ‘'Cradleclips.” 
This report could show you how to save your firm thou- 
sands of dollars each year. Write today for your free 
copy of the ‘‘Cradleclip’’ Time Study Report plus a free 





kit of ‘‘Cradleclip’’ samples. 


a@ product of 


ELECTRG@VERT IN 


208 


Circle 197 on page 17 


124 EAST 40th ST. 
Paid YORK 16, N.Y. 





line of non-memory, inductive electro- 
magnetic 
data on 
erate in 


core components, contains 
which op- 
sa0 
Physical and electromagnetic property 
values and typical applications are also 
included. 
vania. 


types of material 


temperatures up to 


Pennsyl- 


> 667 


Polymer Corp. of 


NEEDLE THRUST BEARINGS 
759 covers increased capacity ratings 


Catalog 


and discusses installation. lubrication, 
load capacity, design and _ installation 
of the thrust races for use with these 
bearings. Lists complete line of bear- 
ings available in bore sizes from % to 
3 in. The Torrington Co. > 668 


ANGULAR DIVIDER 


problems technical 


Synchro coupling 
bulletin 
in 6 pages, illustrated, the special prob- 
lems associated with coupling a syn- 


discusses 


chro under test to a precision angular 
divider. Angular and parallel misalign- 
ments are treated in a unique manner 
to produce a rotational standard with 


essentially transmission 


zero errors. 
Theta Instrument Corp. > 669 
SPRING - CONTACT FINGERS Data 


sheet describes preformed contact fin- 
ger stock, a prepared non- 
ferrous spring alloy. slotted and formed 
into a 


make a 


strip of 


series of fingers designed to 
Eitel-McCul- 
>670 


sliding contact. 
lough, Inc. 


WORD INDICATOR LIGHTS 
58C and Bulletin 101, 16 pages, de- 
scribe Roto-Tellite lights which rotate 
360 deg. Rebulb from the front and 
feature removable legends, positive in- 


Catalog 


dexing, flush mounting and ease of in- 
assem- 


> 671 


stallation in a wide range of 
blies. Master Specialties Co. 


MINIATURE LIMIT STOPS—Bulletin A- 
105 describes limit stops for use with 
motorized actuators, redesigned to pro- 
vide greater accessibility to switch ad- 


justment. more accurate limit switch 
actuation, and includes non - locking 


mechanical stops. Improved accuracy is 
anti-backlash features in- 
cluded in traveling nut. Standard con- 


obtained by 
figuration provides max of 10 turns. 
Electrical limits can be easily set with- 
United Hydraulics, Incor- 
672 


in 5 deg. 


porated. 


TRANSISTOR DIGITAL SUBSYSTEMS 
Brochure of 8 pages contains informa- 
tion on transistorized “logic elements” 


in a diversified product line of pack- 
aged digital subsystems and is illus 
trated with photographs of the com- 
pany’s facilities and technical staff. 
Tempo Instrument Inc. >673 
PRINTED CIRCUIT DRILLING-—Bulle- 


tin 858 describes. in 6 illustrated pages, 


equipment and facilities for drilling 


ELECTRICAL MANUFACTURING 








Kearfott offers one of the broadest lines of precision tachometers in the industry. Light, 





compact and resistant to temperature, vibration and shock, they are ava 
wide variety of applications. 





integrating Tachometers, special types of rate generators, are almost invariably provided in- 
tegrally coupled to a motor. They feature tachometer generators of high output-to-null ratio 
and are temperature stabilized or compensated for highest accuracy integration, rate compu- 
tation, etc. In addition to reducing the in-phase null level toward zero, errors due to tempera- 
ture effects are minimized over'a wide ambient range. Linearity, in some cases as low as 
.01%, is usually better than +.1%, while phase shift is 0+1°. For extreme accuracy, models 
with low terperature coefficient drag cups are also available. 


Rate Generators feature high output-to-null ratios and are designed for application as rate 
servos and to provide damping in very high gain systems. These Kearfott units offer high 
linearity, high output and low inertia and are often integrally coupled to a low inertia motor; 
in this design the in-phase null is virtually reduced to zero. Quadrature null is as low as .25% 
of the 1000 rpm outputs while harmonics seldom exceed .1% of the output at 1000 rpm. 


Damping Tachometers have relatively low output-to-null ratios and are designed primarily 
for damping purposes. They feature extremely low inertia and power consumption, linearity 
which is normally within +.5%, and phase shift within 10° of reference. Kearfott damping 
tachometers are usually integrally coupled to a low inertia motor. 


















































Size 11 (R860) INTEGRATOR TACHOMETERS 
(Typical Characteristics) TEMPERATURE 
Size 11 Size 15 Size 18 
(R860) (1816) (V892) 2 
Excitation Voltage {400 cps) 5 5 5 6 ‘ 
Volts at 0 rpm (RMS) .020 .020 010 Oy 
Volts at 1000 rpm (RMS) 2.75 oe 27 2.00 C 
Phase shift at 3600 rpm. o° ; 0° o° = 
Linearity at 0-3600 rpm .07 05 .07 3 
Operating Temperature Range ~54° + 125° —54° -+- 125° —54° + 125° 5 4 , ps 
AMBIENT TEMPERATURE * 
RATE TACHOMETERS ! DAMPING TACHOMETERS 
(Typical Characteristics) FREQUENCY 
Size 15 Size 18 Size 8 Size 10 Size 11 : t 
(R800) (V806) (M824) (P822) (R809) — DEVIATION 
Excitation Voltage (400 cps) 115 115 26 115 115 5. ee ee 
Volts at 0 rpm (RMS) 013 026 015 019 019 .~ 
Volts at 1000 rpm (RMS) 3.1 3.0 234 450 5 5 
Phase shift at 3600 rpm 5° 4.5° 10° 5° 5° # 
Linearity ot 0-3600 rpm 25 25 3 3 3 + } 
Operating Temperature Range —54° + 100° 54° + 125° | —54° + 125° -54° + 125° 54° + 125° i : ™ - ‘ _ st 
EQUENK “ PROPER LOA 
INTEGRAL SERVO MOTOR DATA 
(Typical! Characteristics) SPEED 
oi 
Size 8 Size 10 Size 11 Size 15 Size 18 > : 
No Load Speed (RPM) 5400 6600 5500 8000 8000 Pa a a en a ao we 
Stall Torque (oz. in.) 3 35 55 45 1.30 me hs 1 ee 
Excitation Voltage (400 cps) 18-40 26-40/20 115-40/20 115-40/20 -115-115/57.5 CW) 3000 1800 ; soo Soe} cow 
Rotor Moment of Inertia (Gm.CM2) 12 76 77 7.0 35 f iene ar. 3 
Operating Temperature Range —~54° + 100° -54° + 125° -—54°+ 125° -54°+4+ 125° -5S4° + 125° 
Unit Weight (incl. tachometer) —oz 3.1 4.6 9.0 14.0 30 INEARITY eae 
YPICAL LINEARITY CURVE 








Write 

for 
technical 
data 
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KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


A 
A subsidiary of General Precision Equipment Corporation 


‘ dE fe) 1378 Main Ave., Clifton, N. J Kearfott GENERAL 
Sales an ngineering Offices 78 Main Ave., Clifton, 
Midwest Office: 23 W. Calendar Ave., La Grange, III PRECISION 


South Central Office. 6211 Denton Drive, Dallas, Texas COMPANY 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif a 
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PRECISION... 

















and got it from 
CONSOLIDATED 


This 12” x 15” phenolic ‘Memory Frame” for IBM 
was plunger molded in one piece with 440 wire ter- 
minal inserts. Later, strung with copper wire con- 
taining a series of 8,000 ferrite magnetic cores, these 
frames are stacked one atop the other and wired 
together in conjunction with other components to 
give IBM’s 705 Data Processing System a “memory” 
capacity of 40,000 characters. 

Dimensionally stable frames that would withstand 
dip soldering at extra high temperatures were a 
necessity. They could not bow or crack, nor could 
there be more than minimum after-shrinkage or ex- 
pansion once assembly was completed. 


For more than 80 years 
we have been filling exact- 
ing plastics orders for the 
nation’s blue chip com- 
panies. Before you discard 
any design you feel can’t 
be molded in a plastic, call 
Consolidated. 





! 
' 
! 
' 
' 
' 
! 
i 
! 
' 
! 
en 
' 
! 
! - 
: CONSOLIDATE! 
Your Blueprint } 
» - 5, » MOLDED 
in Plastics” ; 
y* a r >\ TS 
Since 1874 | 
1c 
' 
' 


346 Cherry St., Scranton 2, Penna. 





printed circuit boards with data on 
three air-oil drill presses, heads and 
other equipment with instructions for 
machining and assembly of quick- 
change inserts. Zagar, Inc. >674 


BINARY COUNTER Brochure 11878 
describes, in four pages, transistorized 
plug-in binary counter Type PM7253, 
designed to operate on any principal 
voltage between 3 and 24 volts, positive 
or negative, with supply voltage toler- 
ance of +10 per cent. The Walkirt 
Company. > 675 


PRESSURE TRANSDUCER — Four-page 
bulletin describes Model S-30 dual coil 
variable reluctance pressure transdu- 
cer designed for aircraft, missile and 
other rugged environment applications. 
Ultradyne, Inc. ~>676 


ANALOG-TO-DIGITAL CONVERTER - 

Four-page brochure D1.03 provides de- 
sign information on a new device for 
shaft analog-to-digital conversion. Typi 
cal pulse output waveforms illustrated 
with photographs and drawings of 
equipment functions and applications 
are described in terms of specific equip- 
ment requiring measurement of shaft 
position and rotation direction. Data 
Instruments Div., Telecomputing Cor- 
poration. >677 


TUBELESS ELECTRONIC COUNTERS - 

Four-page Bulletin EC-201 describes 
uses, design characteristics, mainte- 
nance and operating features of total- 
izing and predetermined counters in 
twelve standard designs of semicon- 
ductor circuitry. Redford Corp. —>678 


PUNCHED STEEL GRID RESISTORS - 

Bulletin GEA-6858, four pages, de- 
scribes mill-duty punched steel grid 
resistors to meet all a-c and d-c power 
resistor requirements, discusses simpli- 
fied installation methods, lists key de- 
sign features and includes a chart for 
selection and application. General Elec- 


tric Co. >679 
SOLENOID VALVES Twelve-page 


Catalog 2000 describes and illustrates 
high-pressure solenoid valves for hy- 
draulic power systems in two-way and 
three-way units in both a-e and d-c 
models. Complete, well-arranged  in- 
formation is given, including dimen- 
sions. Waterman Eng. Co. ~>680 


DIFFERENTIAL D-C AMPLIFIERS —Bul 
letin 105801 gives complete technical 
data on Models DA-102 and DA-112 
low-level wide-band differential d-c 
amplifiers. Various options available 
are described in four pages, illustrated. 
Epsco, Inc. > 681 


POWER TRANSMISSIONS Bulletin 
3101 is an 8-page illustrated catalog 
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MERCK HAS 
ALL FOUR FORMS OF 


ilicon 


IN PRODUCTION QUANTITIES 


See our display 
at the I.R.E. Show, 
Booth 4521 





For additional information on specific applica- 
tions and processes, write Merck & Co., Inc., 
Electronic Chemicals Division, Department 
EM-1, Rahway, New Jersey. 


ULTRA-PURE 


MERCK DOPED SINGLE CRYSTAL SILICON—offers doped float zone single 
crystals of high quality at low costs. Yields of usable material are reported to 
be especially high when device diffusion technics are used with these 
crystals. Float zone single crystals doped either “‘p’”’ or “‘n”’ type with resis- 
tivities from 3 to 300 ohm cm. any range plus or minus 25% and a minimum 
lifetime of 100 microseconds are available in diameters of 18 to 20 mm., and 
random lengths of 2 to 10 inches. 


NOTE: Doped single crystals in other diameters, resistivities, or lifetimes not listed above can be 
furnished as specials. 


MERCK HIGH RESISTIVITY “P” TYPE SINGLE CRYSTAL SILICON— offers float 
zone single crystals of a quality unobtainable by other methods. Available 
with minimum resistivity of 1000 ohm cm. “p” type and a minimum lifetime 
of 200 microseconds, diameter 18 to 20 mm., random lengths 2 to 10 inches. 


MERCK POLYCRYSTALLINE BILLETS—have not previously been melted in 
quartz, so that no contamination from this source is possible. Merck guar- 
antees that single crystals drawn from these billets will yield resistivities over 


“a 


50 ohm cm. for “n”’ type material and over 100 ohm cm. for “‘p” type ma- 


terial. Merck silicon billets give clean melts with no dross or oxides. 


MERCK POLYCRYSTALLINE RODS — are ready for zone melting as received... 
are ideal for users with float zone melting equipment. Merck polycrystalline 
rods are available in lengths of 84% to 10% inches and in diameters of 18 
to 20 mm. Smaller diameters can be furnished on special order. In float zone 
refining one can obtain from this material single crystals with a minimum 
resistivity of 1000 ohm cm. ‘‘p” type with minimum lifetime of 200 micro- 
seconds or the material can be doped by user to his specifications. 


© Merck & Co, Inc 


Nilicon —a product of NIN RCK 


BASE BORON CONTENT BELOW ONE ATOM OF BORON PER SIX BILLION SILICON ATOMS 
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MICRO-BEARING 
ABSTRACTS 


by A. N. DANIELS, President 


New Hampshire Ball Bearings 
NEW “MICROWAFER” BEARINGS 
FEATURE NARROWER WIDTHS 





There’s a new, lean look in minia 
ture ball bearings these days. It was 
brought about by the demands of de- 
signers of small synchros, servos, 
motors, potentiometers and gear 
trains. They said that standard 
shielded miniature bearings were much 
too “fat”. They asked for “skinny” 
bearings that would allow them to in- 
crease the width, strength or capacity 
of working components. 

Back in 1955, New Hampshire Ball 
Bearings, Inc., introduced its UP line 
(U for thin, P for single shield). These 
bearings satisfied a good many de- 
signers. These special shielded bear- 
ings have the same width as standard 
unshielded bearings of the same O.D. 
and bore. But some designers still in- 
sisted on thinner bearings. 

In 1958, they got what they asked 
for. A new series of thin bearings, 
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FIG. 1-ACTUAL SIZE OF | 
MICROWAFERS SR166PC7 


The space-saving feature of these new ‘‘Microwafer”’ 
bearings has been welcomed particularly by de- 
signers of small servos, synchros and motors. It 
permits miniaturization to be carried a step farther 
when smaller packages are required. In other cases, 
the narrower bearing widths allow the addition of 
more iron or copper to rotors and stators without 
changing package size. This means that greater 
capacity and improved performance can be built into 
existing designs. 


’ 


was introduced. 
These light bearings offer the advan- 
tages of widths as much as 40% 
narrower than standard unshielded 
bearings of the same O.D. and bore, 
as illustrated in Fig. 2. 


called “‘Microwafers’ 


TWELVE NEW NUMBERS 
“Microwafer” bearings are now 
available in twelve numbers: seven 
with single shields, one with two 
shields and four unshielded, as chart- 
ed below. 


NUMBER BORE 0.0. WIDTH 
SR133UPC2 0937 2500 .0625 
SR133UPC3 0937 2750 0625 
SR133UPC1 0937 3125 0625 
$R1447C4* 1250 3750 047_ 
SR144UPC3 1250 3750 0937 
SR144PPC3** 1250 3750 1094 
SR2-5UPC11 1250 4250 1094 
SR2-5UPC5 1250 4375 1094 
SR166C8 1250 5000 1094 
SR156UPC8 1875 4375 1094 
SR166C6 1875 5000 1094 
SR166PC7 1875 5000 1250 


*Unshielded, spring separators 
**Two shields 


SPECIFICATIONS 
Starting Torque: Standard starting 
torque is 1400 mg mm under 75 gm 
thrust, 90° guaranteed at 1100 mg 
mm if specified. Lower levels’ by 
selection. 
Material: 440 C stainless steel. 
Tolerances: ABEC7 or better. 
Radial Play and Lubrication: 
cified by customer. 
Complete specifications 
are contained in one ~~ 1562—> 
design handbook. 


as spe- 


0937+ 
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DESIGNERS HANDBOOK FREE TO ENGINEERS 

If you work with miniature ball 
bearings, you'll find this 80-page 
authoritative hand- 
book a_ great help 
in solving problems in 
designing instruments 
or electro-mechanical 
assemblies. It will be 
sent free to qualified 
engineers, draftsmen 
and purchasing 
agents. Write: 





NEW HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH 1, NEW HAMPSHIRE 
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of a complete line of sheaves. variable- 
pitch sheaves, V-belts, flat-belt pulleys, 


pillow blocks, flange units, take-up 
bearings, couplings and _ timing-belt 


drives. T. B. Wood’s Sons Co. > 682 


TESTING SERVICES AND FACILITIES 

Bulletin 5801, six pages, describes the 
complete line of laboratory and _ field 
testing facilities and services available 
covering a broad range of activities, 
from environmental studies to elec- 
tronics, instrument calibration, and re- 
liability testing and failure analysis. 
United States Testing Company. Incor- 
porated. > 683 


SUBMINIATURE SNAP-ACTING 
SWITCHES—Bulletin 958SS_ describes 
sealed snap-acting switches developed 
for very small size applications in 
standard and auxiliary actuator styles, 
with photographs and dimension draw- 
ings. details of construction and _ seal- 
ing. force and movement specifications 
and electrical ratings. Unimax Switch 
Div.. The W. L. Maxson Corp. > 684 


PULSE TRANSFORMERS 


bulletin describes T-Series miniature 


Technical 


encapsulated pulse transformers wound 


on high- permeability ferromagnetic 
cores and gives complete electrical and 
environmental specifications with draw- 
ings of different case styles with di- 
mensions. Technitrol Engineering Com- 


pany. >685 


PRECISION POTENTIOMETERS Fully 
illustrated 6-page brochure describes 
trimmey, linear motion, unitized, non- 
linear and special purpose, LT and RV 
series precision potentiometers. Tech- 
nology Instrument Corp. > 686 


LAMINATED PLASTIC Grade G-5, a 
laminated plastic characterized by high 
tensile and flexural strengths plus high 
are and flame resistance, is described 
in 4-page Technical Data Bulletin 4.5.1. 
Taylor Fibre Co. > 687 


RESISTORS —Engineering Bulletin 7410 
(6 pages) describes miniaturized axial- 
lead Blue Jacket resistors and Bulletin 
7400A (16 pages) describes tab-type 
Blue Jacket resistors, both vitreous en- 
amel coated. for industrial applications. 
Illustrated, with performance charac- 
teristics and tables of standard ratings 
and sizes. Sprague Electric Co, —>688 


SERVO MOTORS—Bulletin 385A con- 
tains applications data, in eight pages, 
for standard and custom servo motors 
including schematics of servo motors 
operating direct  plate-to-plate. with 
transistorized amplifiers and with mag- 
Characteristics and 
installation drawings. Norden Div.. 
United Aircraft Corp. > 689 


(Continued on page 214) 


netic amplifiers. 
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Cutler-Hammer Inc., Milwaukee, Wis. © Division: Airborne Instruments Laboratory. © Subsidiary: Cutler-Hammer International, C. A. 


Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; 


Intercontinental Electronics Corporation 








CUTLER-HAMMER MOTOR 
DISCONNECT SWITCH SIMPLIFIES 
PANEL ASSEMBLY 


Panelbuilders using the Cutler-Hammer 
10904 Motor Disconnect Switch report 
it provides important savings in time 
and effort in the assembly of their con- 
trol panels. The complete unit consists 





%6” radial adjustment of the cover mounted mech- 
anism assures correct alignment with panel 
mounted disconnect switch. 


of a contactor type disconnect switch 
mechanism, adjustable operating shaft, 
cover interlock, and external operating 
mechanism. The switch mechanism uses 
the same basic structure of the famous 
Cutler-Hammer Three-Star Contactor, 
and is easily panel mounted and wired. 
To mount the external operating handle 
mechanism, five holes are drilled in the 
cover following template directions pro- 
vided with each unit. Exact alignment 
of these mounting holes with respect to 
the switch mechanism isn’t critical. 
Compensation for misalignment is pro- 
vided through the operating handle 
mechanism’s 7/16” radial adjustment. 
The Cutler-Hammer 10904 Motor Dis- 
connect Switch can be used in any en- 
closure where the panel-to-cover depth 
is between 5%” and 20%”. External 
operating mechanisms are also avail- 
able for type F, G, J, K, KL, and L 
circuit breakers. For further informa- 
tion write for Bulletin 10904-E-231, 
Cutler-Hammer Inc., Milwaukee 1, 
Wisconsin. 
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CONTROL PANEL CORPORATION SUPPLIES 
HYDRAULIC PRESSURE GENERATOR CONTROL 





One of thirty hydraulic pressure control units supplied by the 
Control Panel Corporation equipped with Cutler-Hammer Components. 


During the past five months the Con- 
trol Panel Corporation of Chicago, IIli- 
nois, has supplied a large number of 
these compact, NEMA 12 enclosed 
hydraulic pressure generator 
units. The control units are used in con- 
junction with high speed riveting on a 
mass production assembly line. Typical 
of the equipment used on 
high volume production machinery, 


control 


control 








PANEL BUILDERS HANDBOOK SIMPLIFIES 
SELECTION OF ELECTRICAL COMPONENTS 


This handy 70 page reference guide is 
specifically edited to assist design engi- 
neers and control panelbuilders in the 
selection of electrical control compo- 
nents and control Every 
effort was made to make this book as 
concise as possible, and yet it includes 


accessories. 


such vital information as wiring dia- 
grams, ratings, 
ordering information, and a maintained 
price list. Address your request for your 
personal copy of Bul. EFE120-E-23 

on your company tetterhead. 
Cutler-Hammer Inc., Milwaukee 1, 
Wisconsin. 


dimension drawings, 
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every effort was made in the choice of 
the components to insure dependable, 
trouble-free operation. 

Mr. H. A. Hart, President of the Con- 
trol Panel Corporation, 
has been our experience the proper per- 
formance of any machine powered by 
electric motors depends directly upon 
the control equipment used . . . no ma- 
chine can be more dependable than the 


reports: ‘‘It 





Mr. H. A. Hart 


control which directs and protects it. 
This is why we and many of our cus- 
tomers consider a component’s record 
of performance an important factor 
when selecting the components to be 
used in the controls we supply.” 
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Q own 


@ Large 15 ampere contacts elimi- 
nate additional load relays. 


@ Stop down time with plug-in com- 
ponents for fast timer replacement. 


Floyibilitr 

/ 

TJ 

@ Easy to set dial whether short or 
long timing. 

@ Choice of 9 actions available for 
each of 3 contacts. 
Select operation required for your 
circuit. 


A CULV 


fj 


J 
@ Set dial to exact time required. 
No guessing at numbers. 


@ Accurate repeatability insures uni- 
form production. 


DN. 1 Nae 
NEO VUAL 


@ Proven reliability in thousands of 
industrial processes for more than 


25 years. 
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microflex 


Install timer in seconds with op- 
tional plug-in feature. 


EAGLE SIGNAL CORPORATION 
Industrial Timers Division, Dept. EM-359 
MOLINE, ILLINOIS 














Please send FREE Bulletin 110 containing 
complete data on Microflex Reset Timers. 
NAME AND TITLE 

COMPANY 

ADDRESS 

CITY ZONE STATE 
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INSULATING TUBING AND SLEEVING 

-Bulletin 60T includes detailed tables 
and charts of the thermal, electrical, 
physical and chemical characteristics 
of Isotube and Isolastube insulating 
tubing and sleeving with tables which 
compare the characteristics of the new 


insulation with those of other avail- 
able tubing and sleevings. Suffex Cor- 
poration. 690 
ELECTRONIC INSTRUMENTS -— Four- 


page bulletin describes and illustrates 
five instruments: electrometer, 
trometer;VT voltmeter, linear ampli- 
fier, «Xponential pulse generator and 
reference voltage source (2 models), 
also 300-volt supplies (4 models). Gyra 
Electronics Corp. >691 


elec- 


ANALOG COMPUTER—Data sheet M-2 
describes Microlog Model 2A low-cost 
computer of table-top size using patch- 
board system. Designed to allow anal- 
ysis of dynamic problems. Contains 10 
potentiometers for setting coefficients 
and parameters. Ebe, Inc. >692 


MOTOR APPLICATION GUIDE—Nine 
major factors in electric motor selec- 
tion are described in expanded 16-page. 
1959 Motor Application Guide (Form 
270 A). Polyphase, single-phase and 
d-c motor charts 
typical motor-driven equipment, show 
starting and running torque require- 
ments and load characteristics, then 
match up motor type and starting cur- 
rents, speeds, capacity, available en- 
closures, performance data and mount- 
ing specifications. Gearmotor line and 


selection describe 


selective speed drives are also de- 
scribed. Century Electric Co. >693 
RUBBER - METAL PRODUCTS I]lus- 
trated catalog, 12 pages. on rubber- 
metal products including — bearings. 
bushings, couplings, mounts, sleeves 


and molded shapes, describes charac- 
teristics of typical mechanically bonded 
and chemically bonded components 
with design information, including 
formulas for determining permissible 
radial, torsional, axial and _ conical 
loadings. Clevite Harris Products, In- 
corporated. > 694 


SHOCK AND VIBRATION MEASURING 
SYSTEMS—Booklet describes and illus 
trates in 14 pages three shock and vi- 
bration measuring systems fully inte- 
grated both in instrumentation and 
packaging, and complete systems fea- 
turing automatic control and self-cali- 
bration. Columbia Research Labora- 


tories. > 695 


MAGNETIC AMPLIFIERS Bulletin 
EPD 1296-5 gives full specifications on 
1290 Series Super Power gapless core 
amplifiers in 18 standard sizes with 
power outputs of 500 va to over 32 kva. 


(Continued on page 216) 
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PHILLIPS 


DC-32 


DC-31 





SUB-MINIATURE, RELAYS 


A COMPLETE SUB-MINIATURE LINE A COMPLETE ENGINEERING SERVICE 








ra MANUFACTURERS OF SUB-MINIATURE, TELEPHONE, POWER, GENERAL PURPOSE RELAYS — SOLENOIDS 

















DC-33 
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“HOOK SWITCH” 


new DESIGN 





An entirely new concept in a ‘Hook 
Switch’ made possible by many new BOOTH 2827 


engineering features. Requires a . , . 

minimum of depth behind panel; Radio Engineering Show 
available in 2 series for different N. Y. Coliseum 

types of mounting, and in standard 


circuits. March 23-26 
Send for Bulletin No. $-595 


LOOK TO SWITCHCRAFT FOR NEW PRODUCTS—NEW DESIGNS 


5539 N. Elston Ave. 
Chicago 30, Ill. 


Canadian Rep.: Atias Radio Corp., Ltd., 50 Wingold Avenue, Toronto, Ontario 
AVAILABLE AT ALL LEADING RADIO PARTS JOBBERS e@ 
Circle 204 on page 17 


The Design Equation 
that Saves You Money... 


Use easy-to-install, 


economical National AT I @ NA 
Retaining Rings to 


locate and position 


bearings or parts on 

oes” RETAINING 
housings. Eliminate 

grinding or machining 

shaft stock to form ae | Ni G ion’ 


shoulders. You save 

time and material . . 
and reduce weight wens improved design 
and space require- 

ments. Ask for data _ economy | 

on your specific 
application, today! f 


the old costly way — new NATIONAL way 


ALL TYPES AND FINISHES AVAILABLE—National rings are supplied 
in square, round and rectangular types of carbon spring steel, bronze, 
beryilium-copper, stainless steel and aluminum in a wide selection 
of finishes. Send drawings or sample part for recommendations, 


The NATIONAL LOCK WASHER COMPANY 


Serving Industry Since 1886 
NEWARK 5, NEW JERSEY e MILWAUKEE 2, WISCONSIN 


Circle 205 on page 17 


Tables of electrical characteristics. 
curves, basic circuit diagrams. outline 
mounting dimensions in 4 pages. Vick- 


ers Inc., Electric Products Div. >696 


CORONA-TYPE VOLTAGE REGULATOR 
TUBES — Technical Information Pack- 
re, self-contained. tabbed for standard 
x 8!2 in. files and punched for 
three-ring binders. contains separate 
data sheets. one for each series of co- 
rona regulator tube types with typical 
performance curves and an engineer- 
ing paper on their application. Illus 
trates various models and lists com- 
plete performance, specifications and 
dimensional data. Victoreen Instrument 
Company. > 697 


STANDARDS **What is a Standard” is 
the title of a brochure which explains 
the nature of standards and describes 
the functions of the ASA. American 
Standards Assox lation. >698 


MAGNETIC AMPLIFIERS —Engineering 
Bulletin 403-A is a 16-page design 
manual with 45 schematic diagrams 
and graphs describing design and ap- 
plication techniques. Acromag. Incor- 


porated. >699 





Manufacturers’ 
Publications 


For these selected publications on mate- 
rials, -components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 
as your source. 


PLATINUM METALS REVIEW A 40- 
page quarterly publication devoted to 
research in the platinum metals and 
their applications in industry is avail- 
able. Each issue includes six or more 
articles on platinum technology. ab- 
stracts of current American and Euro- 
pean literature on the platinum metals. 
and also a_ section on new patents 
pertinent to this field. The January 
1959 issue deals with organic deposits 
on noble metal contacts, prevention of 
contact contamination in sealed relays. 
and rhodium-plated printed circuits. 
Copies can be obtained on letterhead 
request to J. Bishop & Co. Platinum 


Works. Malvern, Pa. 


HANDBOOK ON MOLDED RUBBER A 
45-page technical handbook describes 
characteristics of rubber formulations. 
properties obtainable from various 
molding methods, and design factors 
to be considered when working with 
rubber. Priced at $2.00, postpaid, the 
handbook can be secured from Stowe- 
Woodward. Inc.. Newton Upper Falls. 
Mass. 
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THIS IS GLASS 


OF PRACTICAL NEW IDEAS 


A BULLETIN 


HOW TO TAKE A SNAPSHOT 
OF A SATELLITE IN FLIGHT 

If snapshooting satellites is on your agen- 
Boller & Chivens/- 
Joseph Nunn, South Pasadena, Califor- 


da, contact either 


nia, or the Perkin-Elmer Corporation, 
Norwalk, Connecticut 

In collaboration, these two firms make 
just what space photographers need. It’s 
called the IGY Satellite Tracking Cam- 
era. And, of necessity, its somewhat 
larger than the cameras most of you are 
accustomed to using. Like this. 


Twelve of these cameras are now in use 
around the world. Each is designed to, 
first, take a picture when fixed on and 
following the satellite. This renders the 
subjects as a point against a background 
of streaks from the brightest stars. Then a 
second exposure is taken with the camera 
fixed on and moving with the stars. This 
provides the reference for determining 
the satellite’s location. 

And us? We provide the mirror blanks 
for Perkin-Elmer, who in turn handle the 
complete optical system. (The West Coast 
firm provides mechanical components 
and does the assembling.) The blanks we 
furnish are 3134” in diameter and 7” 
thick. They are made from glass No 
7160, the very same glass used in casting 
the now-famous, 20-ton, 200” disc for the 
Mt. Palomar Observatory. 

The big advantage in using this par- 
ticular glass is its very low linear co- 
efficient of expansion—23 x 10-7 per ° C 
Low expansion means a minimum of dis- 
tortion, a much-appreciated contribution 
in the complex optics called for in taking 
pictures of satellites 

These king-sized mirrors lead us quite 
naturally to remind you that Corning can 
do almost anything with glass. Find out for 
yourself. Get a copy of “‘This Is Glass.” 
Use the coupon for quick service. 
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NEW GIANT GLASS FLASK 
FOR THE IN-BETWEEN TASK 


What intrigues the man in the picture is 
the size of the crystal clear vessel he is ex- 
amining. 

His interest is justified because as far as 
we know this is the ézegest all-glass reac- 
tion flask on the market. Its new; it 
measures 18 inches in OD and stands 26 
inches high. Capacity is 20 gallons. 

We provide this size—along with 5 and 
10-gallon versions—for people (maybe 
you) who need to fill the gap between lab 
and pilot plant 

You also can get all the trimmings. 
Like the five-opening all-glass cover that’s 
visible behind the flask. Such covers can 
be had with pipe flanges, $, or socket 
joints. Accessories include inlet tubes, 
condensers, blind caps, clamps and ther- 
mometer wells. Need one? Just write for 
details. 

This outsized glassware is all made 
from Pyrex brand glass No. 7740—a glass 
that performs admirably because of the 
virtues detailed elsewhere on this page. 

Which brings us to 
this diminutive and 
relatively intricate 
container known as a 
Warburg flask. It’s 
quite commonplace to 
biochemists who use it 
for measurement of cell 
respiration and tissue 


ING 


MEANS 


Manual! IZ-1 


Name 


[] Into on Reaction Flasks 


FROM CORNING 


metabolism. It’s also a stock item with us. 

We call the big ones and the little ones 
both to your attention because it points up 
the fact that size or shape is a considera- 
tion—not a limitation—to the skilled 
glassworkers at Corning 

Investigate by tossing us any one of 
your tough problems. We'll look for a 
glass answer and let you know soon what 
we can do. 


PLUMBING FOR POSTERITY 


An increasingly popular fixture in labs, 
hospitals, schools, chem plants, and photo- 
engraving shops is the glass drainline. 

With good reason. Glass drainlines are 
fashioned from Pyrex brand glass No. 
7740. 

This is the glass that ends your worries 
about corrosion. For example, if you were 
disposing of waste hot hydrochloric acid, 
your Pyrex pipe would still be around at 
the end of 200 years. 

And glass is smooth; very little chance 
for block-up in the pipe. If such does 
occur, however, you can spot the exact 
point and take corrective action, without 
having to take down the whole system 

In fact, almost anything made from 
Pyrex brand glass No. 7740 will be 
around for quite a while because this glass 
is able to cope with thermal shock and 
physical knocks, too. 

Available in many forms—tubing, rod, 
pipe, plate, and all kinds of shapes. 

Fill in the gaps in your files with these 
basic references’ PE-30, all about glass 
drainlines; 1Z-1, design considerations in 
glass. Any or all, free. Use the coupon. 


RESEARCH 


Please send me; (J ‘This !s Glass’; [] Drainline Manual, PE-30; [] Design 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages |7 and 19. 
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Components 
and Materials 


A staff compilation of the latest developments 
design-in use in electrically operated end products 


screened for 
. . complete 


with all released specifications and available application data. 





SILICON ZENER 
VOLTAGE REGULATORS 


Highly diversified line of silicon dif- 
fused-junction zener power voltage reg- 
ulators, incorporating 114 type and 
size combinations, consists of 38 types 
in each of three power categories (14, 
1 and 10 watts) and was developed 
for circuit applications requiring high- 
er power than can be obtained by 


conventional zener diodes and where 


temperature stability does not demand 
a closely compensated reference de- 
vice. The three power ratings permit 
extension of simple zener diode cir- 
cuitry to applications formerly requir- 
ing complex feedback regulators. 

The zener voltage in each power rat- 
ing ranges from 5.6 volts through 200 
volts in 10 per cent voltage steps. Test 
current varies from 1 ma for the 14- 
watt, 200-volt units, up to 1000 ma for 
the 10-watt, 5.6-volt type. 

The 14-watt regulators will handle 
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power from 250 to 400 mw; the 1l-watt 
line, from 750 mw to 114 watts; and 
the 10-watt types up to 30 watts on a 
heat sink. Hoffman Electronics Corp., 
Semiconductor Div., 930 Pitner Ave.., 
Evanston, III. —479 


HIGH-TEMPERATURE 
EPOXY ADHESIVE 
Isobond 321 


hesive 


high-strength epoxy ad- 
requires no mixing, weighing 
or metering. This thixotropic one-part 
paste, which can be easily applied even 
to vertical surfaces without running or 
sagging, requires short heat-curing to 
form a strong bond, stable at 200 C 
and higher, and has excellent adhesion 
to metals, ceramics, glass, cement and 
other temperature-stable materials. Is 
an insulator of high dielectric strength 
and low loss factor, and has shelf life 
over one year if kept below room tem- 
perature. Isochem Resins Corp., 221 
Oak St.. Providence 9, R. I. — 480 


COMPONENT SOCKET FOR 
PRINTED CIRCUIT BOARDS 


Dual-entry “Vari-Grip” socket features 
a crimped snap-lock feed-through de- 
sign that eliminates solder installations 
for testing expensive component parts 
such as diodes, transistors, 
ature vacuum tubes, capacitors, etc., 
saving both circuit boards and com- 
ponents and labor 
Finished in gold-flashed copper alloy, 
the sockets are easily crimped in place 


submini- 


decreasing costs. 


for positive highspeed assembly by 
automatic equipment or by hand tools 
A beryllium-copper spring band is used 
to snap-lock the wire after 
during circuit board build-up. Socket 
sink, and makes 


complete circuits 


insertion 


affords a max heat 
possible testing of 
prior to performing final solder opera 
tions. Available for circuit boards 
measuring 1/8 to 1/64 in. thick. Grin- 
nell-Harris Electronics, Inc., 4130 Tem- 


ple City Blvd., Rosemead, Calif. 481 


SUBMINIATURE INSULATED 
TERMINALS 


Optimum design flexibility in submini- 
ature electronic packaging is provided 
in two series of USECO subminiature 
insulated terminals available with 
either Teflon or Hi-Alumina. Terminals 
are 0.36 in. in length and weigh only 
0.75 oz per hundred. Series 1490 of 
Teflon-insulated stand-offs combines 
low electrical loss and dielectric char- 
acteristics excellent for r-f applica- 
tions. For extreme conditions of tem- 
perature and nuclear radiation, Series 
1480 Hi-Alumina insulated stand-offs 
will withstand 1000 F and are relative- 
ly unaffected by nuclear radiation. 
Insulated subminiature feed-through 
terminals also available with both ser- 
ies. Feed-throughs are available with 
swage or threaded with bifur- 
cated and double and single turret 
terminals. Stand-offs are available with 
swage and male or female threaded- 
type bases with selected types of ter- 


Pi 


bases 
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HIGH CURRENT 
SILICON RECTIFIERS 


20 to 200 Amps. — 50 to 400 P.I.V. 


The extremely compact Flatline series of Tarzian Silicon Rec- 
tifiers features flush or stud mounting in either positive or nega- 
tive base polarity. Special junction structure provides reliable 
Operation in the most rugged applications, 





AMPERES 

D.C. (100 C) 
PEAK INVERSE 
VOLTAGE 
TARZIAN 

MAX. RMS 
VOLTS 

MAX. RECURRENT 
PEAK AMPERES 
MAX. SURGE 
AMPERES 4MS 
AMPERES 

D.C. (100° C) 
PEAK INVERSE 
VOLTAGE 
TARZIAN 
FLATLINE TYPE 
MAX. RECURRENT 
PEAK AMPERES 
(100° C) 

MAX. SURGE 
AMPERES 4MS 





S28 


838s 
32338 


30WAN 








SWAP" 
1LOWAP 
20WAP 
30WAP 








5W3N 
10W3N 
20W3N 
30W3N 
40W3N 





88888 | 8888 








5w3P 
10W3P 
20W3P 
30W3P 
40W3P 


83888 








5XAN 
10XAN 
20XAN 
30XAN 








5XAP 
1OXAP 
20XAP 
30XAP 








5X3N 
10X3N 
20X3N 
30X3N 
40X3N 








5X3P 7 
10X3P 70 
20X3P 140 
30X3P 210 
600 | 1000 40X3P 280 2000 
600 1000 
600 1000 
600 | 1000 “N in type number indicates negative base. 


**P in type number indicates positive base, 





















































WRITE FOR COMPLETE INFORMATION 


SARKES TARZIAN, INC., Rectifier Division 


DEPT. M-2, 415 NORTH COLLEGE AVENUE, BLOOMINGTON, INDIANA 


IN CANADA: 700 WESTON ROAD, TORONTO 9, TELEPHONE ROGER 2-7535 © EXPORT AD AURIEMA INC., NEW YORK CITY 


Vibration Proof Construction 
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A complete new line of quality instrument control 


knobs from Lerco, the quality source for terminals and 


NEW KNOBS 


.designed to mil-spec 


electronic hardware.. 


standards.. 


-high impact styrene with anodized 
.available 


.two set screws.. 


matte finish...all standard sizes in stock! 


aluminum inserts.. 
rarm grey, midnight blue or black with mirror or 


in Ww 


quality counts! 


Circle 208 on page 17 
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minals. Litton Industries, 5873 
Road, Los Angeles 16, Calif. 


Rodeo 
—> 482 


TRANSISTOR SERVO 
AMPLIFIERS 


Tramp Model 1800-0300-2 transistorized 


7-pin plug-in servo amplifier is minia- 
turized, hermetically sealed, designed 
100-cycle servomotor at 8 


watts max power level to receive signals 


to operate a 


from a low-impedance bridge circuit. 
Meets environmental requirements of 
MIL-E-5400A. Weighs 9 oz. Model 
1800-0300-4 is designed for use 
load 
deliver up to 13 watts continuously, In- 


with 
motor (servo or synchronous) to 
put signal may be a synchro control 
transformer, tuning fork 
bridge. Weighs 8 oz. 
both, four 6-32 weld 
Bosch, Inc., 80 Wheeler 
ville, N. Y. 


oscillator o1 
Mountings for 
studs. M. Ten 
Ave., Pleasant- 


— 483 


FLAME-RETARDANT 
LAMINATE 


Self-extinguishing paper-base plastic 
laminate, Fireban 321, has high insula- 
tion resistance, low dielectric losses. 
low water absorption and good fabri- 
cating Material will 


wide use wherever flame retardance is 


qualities. have 
an important consideration. It is essen- 
tially XXXP, made with a 
special phenolic resin in sheets of ap- 
prox 49 x 49 in. and from 0.020 to 14 
in. thick. 
Fibre Co., Norristown, Pa. 


a grade 


Tay lor 


+484 


Finish is semi-gloss, 


MINIATURE LOWPASS 
FILTERS 


Miniature lowpass filters have 50 db 
min attenuation at the critical fre- 
quency attenuation of 25 db or 
more is maintained as high as 10 times 
this specified frequency. Passband in- 


and 





sertion loss falls to 3 db at 0,01 times 
the max attenuation frequency and re- 
jection frequencies as low as 20 cps 
can be specified. Encapsulated in an 
epoxy resin, the unit is 13/16 in. diam 
and 1% in. high with three No. 18 
solid-copper tinned mounting leads. 
Hermetically sealed and encapsulated, 
with the same frequency characteristic 
and with 55 or 60 db critical fre- 
quency available. De- 
posited-carbon resistors and Mylar ca- 
pacitors are used. T T Electronics, Inc., 
Box 180, Culver City, Calif. — 485 


notches also 


SILVER-CADMIUM 
OXIDE CONTACTS 


Contact 710, cold-headed from 
sintered silver-cadmium oxide wire, fea- 
ture a uniform dispersion of cadmium 
oxide throughout the silver matrix for 
uniform electrical conductivity for all 
parts, uniform ductility and max den- 
sity. Conductivity of the material runs 
84 to 88 per cent LA.C.S. Judson L. 
Thomson Manufacturing Co., Waltham, 
Mass. —> 486 


rivets 


KRYPTON NUCLEAR 
BATTERIES 
Krypton batteries, Model KIA-50, pro- 


duce output potentials greater than 5 
kv in a volume less than 44 cu in. and 
are free from any radiological ingestion 
hazard. To overcome the toxicity prob- 


lem, the radioisotope krypton 85 is 





used in place of strontium 90. Enclosed 
in 1% in. diam x 1 in. long metal can 
with axially projecting terminal and 
weighs 1 oz. Temperature range, —175 
to +165 F. Radiation Research Corp., 
1114 First Avenue, New York 21, 
a — 487 


GERMANIUM TRANSISTORS 


Ultra-high frequency,  diffused-base 
“mesa” germanium transistors 2N559 
meet and exceed MIL-T-19500A speci- 
fications with switching speeds into the 
milli-usec range and a typical alpha cut- 
off frequency of 250 me. It is cons@fva- 
tively rated to dissipate in excess of 
150 mw in free air and will operate at 
temperatures up to 100 C. Available in 
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Metallurgical Memo from General Electric 
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How a tiny thermistor 
takes temperatures in outer space 


Magnetic Materials Section reports on thermistors.. . 
and on new production facilities that permit 
them to be tailor made for any application 


One critical piece of information relayed from space 
by Explorer I was its external skin temperature as 
it orbited. This exacting job was assigned to a G-E 
high temperature thermistor RF-111. 

Thermistors are thermal-sensitive semi-conductors 
with large negative coefficients of resistance. In 
electrical circuits G-E thermistors measure and con- 
trol temperatures, suppress initial current surges, 


trip time delay devices, and regulate voltages. 
Now, G-E, through new production facilities, can 
tailor-make thermistors to your specifications with 
resistance values from 1 to 10,000,000 ohms and 
temperature coefficients of resistance from % to 
5% at 25°C. For more information—or the assist- 
ance of a G-E engineer—write: Magnetic Materials 
Section, 7804 N. Neff Road, Edmore, Michigan. 


MAGNETIC MATERIALS SECTION 


GENERAL @@ ELECTRIC 


CARBOLOY® CEMENTED CARBIDES * MAN-MADE DIAMONDS « MAGNETIC MATERIALS © THERMISTORS ¢ THYRITE® © VACUUM-MELTED ALLOYS 
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lacing tapes 


ENGINEERED for 


TEMPERATURE 
by GUDEBROD 


°C GUDE-GLASS 

Flat braided of glass fibers, 
Gude-glass is recommended 
for use where high tempera- 
ture is a factor. Available 
with special finishes for non- 
slip characteristics, it is non- 
toxic, resists fungus and is 
flexible within its complete 
range: —40°C to 375°C. 


°C TEMP-LACE 


Manufactured of pure 
TEFLON*, Temp-Lace is 
the latest addition to the 
Gudebrod line. Chemically 
inert, it is available in nat- 
ural finish, with a fungistatic 
rubber coating or with a sil- 
icon dispersion finish. In 
five sizes, it is flexible from 
40°C to 220°C. 


D°C STUR-D-LACE H 


Flat braided of DACRON** 
with non-corrosive rubber 
finish or wax finish, Stur-D- 
Lace H meets the most 
severe requirements for 
fungus-resistance. It is non- 
toxic, knots tightly, is un- 
affected by most chemical 
solvents. In five sizes, all with 
high dielectric strength 


°C GUDELACE 


The original Gudebrod lac- 
ing tape, flat braided of 
nylon with special wax fin- 
ish, Gudelace has become 
the standard where excessive 
high temperatures are not 
encountered. In seven sizes, 
Gudelace also comes in six 
colors for circuit coding. 
Write for new Data Book with 
complete specifications of All 
Gudebrod Lacing Tapes. 


*Du Pont's trade mark for its 
TEP fluorocarbon fiber 

“Du Pont'’s trade mark for its 
polyester fiber 


GUDEBROD 
BROS. SILK CO., INC. 


ELE RONI( Divi N 


See Gudebrod’s Booth #4025 at the IRE Show 
222 Circle 210 on page 17 





a miniature round-welded case. Texas 
Instruments, Inc., P. O. Box 312, Dal- 
las, Texas. —> 488 


FLUOROCARBON RESIN 


Void-free moldings and very thin elec- 
trical tape for wire-wrapping are made 
possible by Teflon 7 TFE-fluorocarbon 
resin molding and extrusion powder 
granulated to ultra-fine particle size. 
Tape as thin as one mil can be skived 
from cylinders of the new material. 
It offers such processing advantages as 
lower pre-form pressures and uniform 
density throughout complex molded 
parts. Tensile strength and elongation 
of parts molded from Teflon 7 are also 
increased. E. I. du Pont de Nemours 
& Co., Wilmington 98, Del. —> 489 


SOLENOID VALVES 


Several unusual design and construc- 
tion features in 2-way and 3-way sole- 
noid valves are offered in Series A, in 
1, and 4 in. pipe sizes (2-way, 3-way 
and directional) in both NC and NO 
types, with a stainless steel body or 
brass body with stainless steel seat in- 
sert and with either grommet or con- 
duit type outlets. Series B is a midget, 
2-way NC valve with 44 in. NPT ports 
in a design providing more flow and 
higher operating pressures. It has a 
brass body with a stainless steel seat 
insert and grommet-type outlet. Both 
series are designed for air, oils, cold 
and hot water and gases with operation 
up to 600 cycles per min, at tempera- 
tures ranging from 20 to +200 F 


ambient and —20 to +175 F media 
Plunger springs are of stainless steel 
for corrosion resistance and tube as- 
sembly is hydrogen-brazed copper. The 
unit shown in Series A 2-way. C. A. 
Norgren Co., 3400 South Elati 5t., 
Englewood, Colo. — 490 


EXPLOSION-PROOF 
TIMING CONTROLS 


Designed to meet the National Electric 
Code (Article 500) for use in hazard- 
ous atmospheres of Class I, groups C 
& D, and Class II, groups E, F and G, 
also specifications of NEMA No. 7, a 
line of explosion-proof timing controls 
includes single- and multi-cam timers 
with 1 to 19 switches. Individual switch 
rating 10 amp. Time cycles from 2/3 
sec to 72 hr. Time delay timer series 


is instant automatic reset, available in 
time cycles from 1 sec to 3 hr. Load 
rating 10 amp. Adjustment is external, 
as is the dial. Offered in two series: 
an automatic reset timer with a load 
rating of 15 amp, time cycles from 
1 sec to 3 hr, adjustment external, as is 
the calibrated dial; and a manual set 
timer with a load rating of 20 amp, 
time cycles from 15 min to 60 hr. 
Running-time meters and reset-time 
totalizers are enclosed in special easy- 
to-read glass-faced housings. The reset- 
time totalizer is reset to zero from the 
outside of the housing and both series 
are available in counts from tenths of 
a sec to a total of 100,000 hr. Indus- 
trial Timer Corp., 1407 McCarter High- 
way, Newark 4, N. J. —491 


MOMENTARY CONTACT 
SWITCH 


In the 1901 Series 30-amp momentary 
contact switch design, the switching 
action has been simplified to include 
two stainless steel springs which are 
completely separate from current-carry- 
ing components. One spring returns the 
stem to its normal position and the 
other maintains a constant, evenly-dis- 
tributed pressure on the contacts. Vi- 
bration is absorbed to eliminate “bounc- 
ing.’ SPDT, SPST-NO, SPST-NC 
and SPST 2-circuit models may be 
used singly or “stacked” in combina- 
tion to provide multiple-pole units. All 
models available with pin plunger, 


(Continued on page 225) 
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ANATHERM 


Anaconda EPOXY Masgnet Wire for 


Epoxy’s unique combination of dependable characteristics makes it 
suited to use in such equipment as totally enclosed motors, above; 
hermetically sealed relays, encapsulated dry-type transformers, below. 


outstanding compatibility at high temperature 


Anaconda Epoxy Magnet Wire is particularly well suited to use in oil- 
filled transformers. Epoxy’s excellent behavior in transformer oils is 
but one of its many outstanding chemical characteristics. 


The compatibility, chemical stability, and thermal stability, 
of Anaconda Epoxy have been proved by some three years of 
actual field experience, plus seven years of research and develop- 
ment, in both military and civilian applications. 

Anaconda Epoxy (130°C AIEE Class B) magnet wire is com- 
patible with most well known insulations. It offers excellent 
resistance to moisture, transformer oils, acids, and alkalies. Tests 
of Anaconda Epoxy magnet wire with all impregnating varnishes 
tried to date have resulted in chemically compatible systems 
with no thermal deterioration of the Epoxy film 

Epoxy’s unique combination of dependable characteristics 
makes it suited to a wide variety of difficult applications. Its 
Outstanding dielectric strength, its heat-shock, adherence, and 
flexibility properties make it an “all around” magnet wire for use 
up to 130°C in either open or closed systems. 

ROUND, SQUARE AND RECTANGULAR. Anaconda Epoxy magnet 
wire is available in the full range of round, square and rectangular 
sizes. It can also be furnished in combination with glass servings 

If you have a difficult Class B application or a troublesome job 
at lower temperature that might benefit from some other char- 
acteristic of Epoxy, see the Man from Anaconda. Or write 
Anaconda Wire & Cable ¢ ompany, 25 Broadway, New Y ork4,N.Y. 


~ 
ASK THE MAN FROM ANACON DA about EPOXY MAGNET WIRE 


For more detai/s on Anaconda Epoxy's unique combination of useful characteristics, please turn the page 


NYFORM 


high tempe 


VITROTEX | 3 


FORMVAR 


ANALAC 
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IMPORTANT FACTS FOR YOUR WORK... 
... about Anaconda Epoxy 130°C (AIEE Class B) Magnet Wire 


Anaconda Epoxy film-coated magnet wire is suitable for use in 
130°C (Class B) hottest spot operation. It meets MIL-W-19583 
requirements. Epoxy is compatible with other insulations and 
performs excellently in oils. It offers unusual resistance to mois- 
ture and has a higher resistance to heat shock than other Class B 
wires. This unique combination of properties makes it applicable 
to a wide variety of difficult applications. 


Oil filled transformers + Air conditioning systems where moisture 
is a problem « Refrigeration machines for operation with 
fluorinated hydrocarbon refrigerants « Totally enclosed motors, 
transformers, alternators « Encapsulated windings of virtually 
any type. 


Epoxy offers outstanding adherence and flexibility. It meets the 
exacting demands of abrasion resistance called for in high-speed 
winding machines. 


Epoxy magnet wires exhibit high dielectric strength—a minimum 
of 2000 volts per mil under dry test conditions. The following 
are dielectric constant and dissipation factor measurements at 
25°C and 50% RH: 


Frequency 
Cycles per Second 


Dissipation Dielectric 

Factor % Constant 
60 0.37 4.63 
1,000 0.48 4.60 
10,000 0.96 4.55 
100,000 1.95 4.45 


Epoxy offers outstanding chemical characteristics. The Epoxy 
resins are characterized by their resistance to attack by ‘com- 
pounds they may come into contact with when used in electrical 
apparatus. Epoxy shows exceptional resistance to 59% potassium 
hydroxide, 5%, sulphuric acid, VM&P naphtha, ethyl alcohol, 
xylol, toluol. Epoxy wire has given excellent results in test pro- 
grams designed to determine the effects of fluorinated hydro- 
carbon refrigerants. Scrape abrasion resistance is high under 
Freon. Freon 22 does not blister and attack the coating. Epoxy 
does not hydrolize in closed systems. 

Epoxy is outstanding in its behavior in transformer oils. It 
will also withstand the action of lubricating oils at high tem- 


ANACONDA WIRE & CABLE COMPANY 


25 BROADWAY, NEW YORK 4, NEW YORK 


Please send me a copy of your Epoxy Magnet Wire Booklet. 
NAME & TITLE 
COMPANY. . 


ADDRESS 


perature. In fact, such oils sealed in glass tubes with Epoxy 
wire and heated to 150°C do not damage the insulation, even 
when the oils have been contaminated by long use. 


Epoxy is a 130°C (Class B) magnet wire. This rating is based on 
AIEE test procedures. The wire is also intended for use at lower 
temperatures where the choice 
may be made to take advantage 
of some other characteristic. 
It also can be used at higher 
temperatures for shorter life or 
in some special applications. 
Please refer to the thermal 
stability chart. 

THERMOPLASTIC FLOW. Epoxy 
magnet wire meets the 200°C 
minimum requirement of 
Specification MIL-W-19583 for 
130°C systems. 

RETENTION OF FLEXIBILITY. Epoxy 
magnet wire can be heated 
for 168 hours at 125°C and 
then wound on its own diameter 
without cracking. 

HEAT SHOCK. Epoxy magnet 
wire offers outstanding heat 10 ae, 


eeu a=? 











shock characteristics, as indi- euked tarmase iTS 

cated by the following table Se a: py Hn a 

(Wires are stretched or not stretched, then wound on mandrels 

having X times the diameter of the wire and placed in an oven 

at 155°C for one hour): 

Prestretch % 1x 3x 5x 10x 
0 Pas 
10 Fail 
15 Fail 


20 Fail 
2s Fail 


Pass 
Pass 


Epoxy magnet wire can be used when sealed in electrical appa- 
ratus where water is contained in other materials. Small coils in 
water at room temperature for 18.000 hours (2.1 years) main- 
tained a very high insulation resistance between the copper and 


water. Epoxy wires sealed in glass tubes with a small amount of 


water can be heated for a month at 150°C without destruction 
of the enamel coating. 


All-Epoxy insulation systems. Materials are now available to 
make possible complete Epoxy systems that offer superior thermal 
and chemical stability and maximum environmental protection 
Detailed information available on request. 


SEE THE MAN FROM 


FOR MAGNET WIRE 


TEAR OUT FOR YOUR FILE 





push-button, leaf and leaf with roller 
actuation, 

Switching mechanism is encased in 
a practically dust-proof, impact resist- 
ant, phenolic housing, overall dimen- 
sions 1.876 x 0.812 x 0.500 in. Elec- 
trical ratings are: 30 amp, 125 or 250 
volts a-c noninductive; 25 amp, 125 or 
250 volts a-c inductive; 1 hp, 125 volts 
a-c; 2 hp, 250 volts a-c; 2 amp, 125 
volts d-c; and % amp, 250 volts a-c. 
Contact bridges and contacts are cop- 
per inlaid with silver cadmium oxide. 
McGill Manufacturing Co., Inec., 909 
N. Lafayette St., Electrical Div., Val- 
paraiso, Ind. >492 


FOAMING INSULATION 


Selectrofoam polyester resins in com- 
bination with Freon, Genitron and Iso- 
tron “refrigerants have made_ possible 
a low “K” factor, rapid-cure, liquid 
foaming insulation system. Entrapment 
of refrigerant gas in the individual 
cells of the foam allows thinner walls 
for space and material savings, About 
114 in. thickness of the rigid foam is 
said to be equivalent to 3 in. of con- 
ventional insulation. Pittsburgh Plate 
Glass Co., Public Relations Dept., 632 
Fort Duquesne Boulevard, Pittsburgh 
22, Fa. > 493 


‘ 


HIGH-PRESSURE SEALING 
DEVICES 


Complete line of high-pressure sealing 
devices includes Hexseal self-sealing 
switch and shaft seals made of silicon 
rubber bonded to hex nuts and Seel- 
skrew, Seelbolt and Seelrivit vibration- 
resistant fasteners. Three models of 
Switch Boots are available in a range 





aw 
i = 








SEELSKREW® SEELBOLT® SEELRIVIT® 





of thread sizes to fit standard toggle 
and push-button switches. Shaft Seal 
design provides a double O-ring con- 
struction to form the seal, and an an- 
nular groove to retain lubricant perma- 
nently for shafts from % to % in. diam. 

The self-sealing fasteners have the 
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O-ring pressed into a groove under the 
fastener head. Seelskrews, furnished in 
slotted or Phillips-head, are of stainless 
steel and will hold more than 500 psi 
of internal or external pressure. Hex- 
head Seelbolts are cadmium-plated car- 
bon steel with Buna N, neoprene or 
silicone rubber O-rings available, and 
will maintain 2500 psi. Seelrivits are 
aluminum alloy with the exact dimen- 
sions of AN470 rivets. Metal Process 
Co., 1801 First Ave., New York 28, 
Iie 2 » 494 


MINIATURE VARIABLE 
RESISTOR 


Variable resistor Model 8 Radiohm 
measures 0.286 in. in diam and 0.110 
in. in depth, is rated at 40 watt and 


has a component density of 188 per 
cu in. Available in resistance values 
of 500 ohms to 10 megohms in a wide 
range of tapers. Centralab Div., Globe- 
Union Inc., 900 E. Keefe Ave., Mil- 
waukee 1, Wisc. > 495 


HIGH-TEMPERATURE 
BEARING MATERIAL 


Clevite 300 high-temperature material 
available for test and evaluation pro- 
grams in sleeve bearing and seal ap- 
excellent anti-friction 
properties, low wear rate and thermal 
stability in light to moderate-duty con- 
tinuous service at temperatures up to 
1200 F. In short-life applications, it is 
effective at considerably higher tem- 
peratures. Material is an iron-base 
metallic compound. Cleveland Graphite 
Bronze Div., Clevite Corp., 17000 St. 
Clair Ave., Cleveland, Ohio. > 496 


plications has 


INDICATOR LIGHTS 

Color-Lites, “L” type, are orientable 
indicator lights that eliminate the need 
to align light sockets each time a Jens 
or bulb is changed. After receptacle 
is screwed into body of light, the lens 
may be rotated with thumb or finger 
to align marking. These units are 
available in red, green, blue, amber 
and white, and may be _ hot-stamped 
with letters or numbers. Designed for 
aircraft, laboratory test equipment, 
missile test stand and production line 














g ALTRON, 


ACTUAL 


Hermetically Sealed 
Rugged—built to meet conditions of 


high altitude 
high vibration 
high temperature 


DIALCO RELAYS exhibit no resonance 
from 5 to 1,000 CPS at 10 G’s; are 
not damaged by 50 G’s shock; are 
fully compensated for temperatures 
from -65" C to + 125° C. 
Available in delays from 1 to 300 
seconds; heater voltages up to 150 
V. interchangeable on DC or AC of 
any frequency with a power drain 
of 4 watts..SPST normally open or 
normally closed contacts are rated 
at 6 amps at 115 V. AC or 3 amps at 
28 V. DE€ resistive. 
oe 
—— SUB-MINIATURE 
Lightweight 
(3/4 02.) 


Standard 7-pin 
plug-in or solder 
terminals with 
mounting flange 


. —i.. 
Dialtron Corp., 203 Harrison PI., Brooklyn 37, N.Y 


(0 Send data on Thermal Time Delay Relays to: 





Nome ———____—_ 





OO 
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Address- 


DIALTRON 


CORP 
203 Harrison Pl., Brooklyn 37, N.Y 
HYacinth 7-7600 
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HOW CERAMIC 
MAGNETS 
ENERGIZE 
NEW IDEAS 


Water 
and liquid meters of all kinds can be 
read at a distance with the remote- 
indicating ‘“Read-O-Matic” Register 
developed by the Badger Meter Mfg. 
Co., of Milwaukee. Heart of the 
“Read-O-Matic’s” self-contained gen- 
erator is an inexpensive 6-pole ring 
magnet of Stackpole Ceramagnet. The 
quick release of the magnet under 
spring tension induces a 3-volt pulse in 
6 coils. This is accurately transmitted 
to a remote totalizing counter. 


-.«/in Appliances «+ Powerful, lowcost Cera- 


-«2In Automotive Equipment - 


magnet ceramic permanent magnets 
open, close and hold doors; put snap 
into snap-action switches and thermo- 
stats; catch lids from can openers; in- 
crease lint catcher efficiency . . . make 
dozens of other magnet uses commer- 
cially practical for the first time. Cera- 
magnet magnets require no keepers; 
retain magnetism indefinitely, can be 
molded in practically any shape. 


High 
coercive force and high electrical re- 
sistivity make Ceramagnet ideal as 
field magnets in small dc motors. In 
addition, these ceramic magnets are 
likewise being investigated for use on 
fuel-pump drives, speedometers, am- 
meters, carburators, and other devices. 


Where can YOU use Ceramagnet? For practical suggestions, 





and engineering details, write for Stackpole Bulletin, RC-11A. 
STACKPOLE CARBON COMPANY, St. Marys, Pa. 


STACKPOLE 


T 


PERMA 


NENT 


Ceramag® ferromagnetic cores 
Slide & Snap Switches « Electrical 
contacts + Coldite 70+ fixed com- 
position resistors * Variable com- 
position resistors « Brushes for 
all rotating electrical equipment 
Graphite bearings, seal rings & 
anodes . . . and many other car- 
bon, graphite and electronic 
components. 


MAGNETS 


Circle 214 on page 17 








<a 


panel illumination applications and for 
use with either flared flange (855F) 
or screw body (855S) standard assem- 
bly. The Sloan Co., 4101 Burbank 
Blvd., Burbank, Calif. 497 


TERMINAL BOARDS 
AND BLOCKS 


Series MT terminal board (illustrated), 
is available with four or eight turret 
terminals molded directly into the body 
material; 4 in. diam mounting holes 
can be supplied on either size. Voltage 
breakdown at sea level is 2500 volts 
rms. Standard molding compound is 
mineral-filled Melamine (MIL-M-14E, 
Type MME). Also available is glass- 


reinforced Plaskon (MIL-M-14E, Type 
MAI-60), glass-reinforced dially]l 
phthalate (MIL-M-19833, Type DGI- 
30), or mineral-filled diallyl phthalate 
(MIL-M-14E, Type MDG). 

Series 200-19 plug and socket term- 
inal block is a sturdy 10-contact con- 
nector capable of handling up to 15 
amp and 10,000 volts rms at sea level. 
Precision machined pins and _ sockets 
of spring temper brass and bronze are 
silver and gold plated for low contact 
resistance and ease of soldering. Float- 
ing socket assure positive 
alignment. Molding is general-purpose 
black phenolic. DeJur-Amsco Corp., 
Electronic Sales Div., 45-01 Northern 
Blvd., Long Island City, N.Y. 498 


contacts 


SILICON TRANSISTORS 


Specified at typically high noise fre- 
quencies (from audio down to 1 cps), 
ST1050 n-p-n silicon transistor has 
equivalent input noise voltage of about 
1 microvolt rms when used with low 
source impedances, Applications in- 
clude thermocouples, strain gages, ac- 
celerometers and other devices in the 
100-500 pamp range. The ST1051 n-p-n 
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REG. U.S. PAT. OFF. 


Proved in production: “SCOTCHCAST” Flexible Resins have 


BRAND 


Superior Crack Resistance 


Laboratory tests and production results 
prove "SCOTCHCAST" Flexible Resins (1) 
superior in resisting cracking from ther- 
mal or mechanical shocks; (2) offer 
important advantages for impregnation, 
embedding, and encapsulating motors, 
coils, transformers, resistors, capacitors, 
and other electrical and electronic 
components. 


With “Scotcucast”’ Brand Flexible Epoxy 
Resins, you can be sure of shock resistance 
properties that surpass any required to satisfy 
the most rigid military specifications *; can 
reduce the expenses normally entailed in 
screening and testing resins for prototypes. 
“SCOoTCHCAST” Flexible Resins can also cut 
your production costs by reducing rejections 
because of insulation cracking. And, of 
course, ““ScotcHcast”’ Flexible Resins give 
you the added assurance of customer sat- 
isfaction because the units you supply can 
withstand stresses of the most severe envi- 
ronmental conditions. 


*A paper describing specially developed thermal 
shock tests of greater severity than those called 
for by the MIL-I-16923C Shock Test, is avail- 
able upon request. Contains complete information 
to duplicate tests in your own laboratory. Free 
upon request to 3M Co. at the address below. 


When to use 
FLEXIBLE RESINS 


“SCOTCHCAST”’ Flexible Resins were devel- 
oped by 3M to meet the need for crack resis- 
tance under stresses of mechanical and 


Wy A F existe RESIN? This unretouched 
tant”’ resins—both passing Thermal Shock 


hoto shows what happened when two “shock resis- 
ests of MIL-I-16923C Type C—were cast about a 


metal insert to more closely reproduce stresses in service. The permanently flexible “ScoTcHCasT”’ 
No. 241, on the right, withstood 10 cycles (130° to -55° C.) and absorbed all stresses without crack- 
ing. The resin on the left cracked during the first cycle. Shrinkage stresses during cooling exceeded 
the strength of the resin. Write for paper describing these tests in detail. 


thermal shock. In addition, the stress-relieving 
properties of these resins reduce to a minimum 
the effect of resin shrinkage on the magnetic 
properties of core materials. Similarly, fine 
wire breakage is completely eliminated. 
“ScotcHcast” Brand Flexible Resins are 
true flexible resins— made permanently 
flexible by modifying the molecular structure 
of the resin itself. This gives them the per- 
manent ability to withstand shrinkage stresses 
during cooling when cured, and environmen- 
tal stresses of mechanical shock and rapid 
severe temperature changes. 

“SCOTCHCAST" is a registered trademark for the elec- 


trical insulating resins of 3M Co., St. Paul 6, Minn. Export: 
99 Park Ave., New York 16. Canada: London, Ontario. 





This transformer meets MIL-T-27A Grade 
5 requirements. It was impregnated using 
**ScotcHcast”’ No. 241, and then dip- 
coated with “Scotcucast”’ Resin No, 253. 
There is no limit to the sizes and shapes of 
properly designed components that can be 
dip encapsulated with No. 253. 

A newly revised booklet covering impreg- 
nating and encapsulating transformers to 
meet MIL-T-27A specifications is now 
available. Covers all six grades and gives 
four proven processes. Free... write for it. 





"“SCOTCHCAST” No. 253... the flexible resin for dipping! 
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Ready-to-use 
"“SCOTCHCAST"” 


As with all “Scotcucast’”’ Brand Resins, 
you get these crack-resistant resins in ready- 
to-use production-proven formulations: 
“ScoTcHcast” Nos. 235 and 241 for the 
ultimate in impregnating and casting ability; 
and ‘“‘Scotcucast”’ No. 253 for smooth, 
uniform dipcoating results. All three have 
2 to 4 day pot life at room temperature, yet 
can be cured in 2 hours at 250° F. All are 
supplied as pre-formulated, pre-measured 
resin-and-hardener systems, complete, ready 
to use in simple mixing ratios such as one- 
to-one and two-to-one to eliminate the need 
for special mixing and dispensing equipment 
and highly trained scientific personnel on the 
production line. 


FREE TECHNICAL ASSISTANCE 
3M’s trained field engineers supported by 
3M’s research organization are fully qual- 
ified to assist or advise you in designing or 
modifying units for resin encapsulation; can 
help you select the correct “ScoTcHcasT”’ 
formulation for any application. Technical 
service is provided without cost or obligation. 
Write: 3M Co., 900 Bush Ave., St. Paul 6, 
Minn., Dept. BY-39. 
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TENSILE TESTER 
FOR 

WIRE : 
TERMINALS 


ACCURATE 
FAST 
COMPACT 
LOW COST 
PORTABLE 














THE HUNTER MODEL “TT” TERMINAL PULL TESTER 


The Hunter Model “TT” 
Tester is ideal for testing 
wire cable assemblies under 


MIL-T-7928 (ASG). 


To expedite receipt of 
detailed literature on the 
Model "TT", write direct 
to Quality Control De- 
partment. 


HUNT 


i ; 
The “TT” Tester—latest addition to 
Hunter’s growing line of quality control 
equipment— brings laboratory accuracy to 
production-line testing (+0.5°%, of full- 
scale reading).Though you'll find it adapt- 
able to many other tensile tests in ranges 
up to 0-500 pounds, its special job is 
checking the secureness of solderless ter- 
minals crimped on wire. Automatically 
opening and closing jaws grip the wire 
sample; a turret-type gage head indexes 
quickly to hold any size terminal; load is 
applied at a preset rate by an adjustable 
air cylinder; and breaking load registers 
and is held on a direct-reading dial until 
reset by a touch of the quick-reset tab. 
Over-all speed of testing is up to ten times 
faster than by conventional methods. 
Whether you attach terminals in your 
plant, or are supplied with wire assemblies 
—whether you use it in the plant or the 
laboratory —the ““TT’’ Tester will help 
you establish useful standards and control 
quality by sample testing. 


ER SPRING COMPANY 


A Division of American Machine and Metals, Inc. 


22 Spring Avenue, Lansdale, Pennsylvania 


SPRINGS + 


STAMPINGS + QUALITY CONTROL EQUIPMENT 
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of 0.05 milli- 
vamp rms and is designed for use with 
high source for 20-50 
pamp, for ionization gages, geiger tubes 
and photocells. Transitron Electronic 
Corp., 168-182 Albion St., Wakefield, 
Mass. > 499 


offers low noise current 


impedances, 


HIGH TEMPERATURE 
CORE MATERIALS 


Two new inductive core 


materials, used successfully as antenna 


non-memory, 


couplers at intermittent service tem- 


peratures up to 350 C with change of 
less than 10 per cent in Q and perme- 
ability after 100 hr at 275 C in atmo- 


Yo, 


\y 
4 


f 


. ©& 


spheric conditions, are claimed to ex- 
tend the operating range 75 to 150 C 
over previously available compositions. 

Ferrotron 
have a 
101° 
strength 


materials 
resistivity higher than 
and 


ferromagnetic 
volume 
dielectric 
low 
Pro- 
normally supplied 
as molded parts and standard shapes 


high 
dielectric 


ohm-em 
with 
the 
quantities 


losses 


across frequency spectrum. 


duction 


are available for machining of proto- 
types or low-volume requirements. The 
Polymer Corp. of Pa., 2140 Fairmont 


Ave., Reading, Pa. >500 


HYDRAULIC CYLINDER 
AND VALVE 


“Hydro-Stop” and 
lows the operator to change and main- 
tain the desired stroke hydraulically 
from a station or location. It 
features a floating piston within the 


cylinder valve al 


remote 


cylinder controlled by a special valve 
which may be used with any existing 
1-way hydraulic system. 

The floating piston is hydraulically 
positioned and set at any desired stroke 
length which will continue to repeat 
until the operator changes its position. 
Available in bores and strokes to suit 
specific requirements, the cylinder finds 
use in agricultural, industrial, mining 


(Continued on page 231) 
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Handle Any Adjustable-Speed Job 
with One of these Square D “packages” 


One of 

13 CUSTOM 

DRIVES for ELECTRONIC DRIVES 

an automo- 

tive plant 

for control employ advanced designs using more 

= a il static elements and less tubes. Fail- 
| conveyors safe circuits prevent motor runaways. 


Available in sizes from 1/20 H.-P. 
through 40 H.P. 














STATIC POWER 
MAGNETIC AMPLIFIER DRIVES 


provide top reliability and simple 
maintenance. Save both floor space 
and weight as compared to conven- 
tional drives. Available in sizes 
through 400 H.P. 











MOTOR-GENERATOR DRIVES 


use static regulators and rectifiers 
for simplified maintenance. Rugged, 
heavy-duty components are provided 
in each drive. Available in sizes 
through 400 H.P. 








a Square D"package” includes the power conversion unit, 
operator’s station, and drive motor 





No matter what adjustable-speed requirements you may 
have, you can select a Square D drive to meet them ex- for every possible adjustable-speed 
actly. Moreover, every component—from control to drive requirement can be designed for you 
motor—is subjected to a complete electrical test, and the using combinations of the above 
entire drive is test-run at the factory to assure top per- units, plus special units, with accu- 
formance on the job. racies to fractions of 1%. The answer 
to your adjustable speed problem is 


Write for complete details. Ask for Adjustable-Speed Bulletin. as near as your Square D field office. 
Square D Company, 4041 North Richards St., Milwaukee 12, Wis. 











EC&M neavy inpustry ELECTRICAL EQUIPMENT...NOW A PART OF THE SQUARE D LINE 


SQUARE J) COMPANY 
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THE NATIONAL SCENE 


DANGER 


“YOUR NEXT POLYESTER COMPONENT: 


mold it or machine it?’’ 


Get an unbiased answer trom National because we work either way 


Giving the designer facts to help make the right design 
decision faster is perhaps our best “product.” Offering the 
broadest line of plastic materials and services permits us to 
give impartial help. Take polyester glass mat 


If the facts about configuration, volume, performance 
operating conditions and cost point to a molded polyester 
shape, we'll work from scratch—or from your drawings—and 
deliver 100% usable parts 


If the same facts point to a machined part, we'll work the same 
way and with the same results. In this case National can 
furnish four standard grades from which to select the one best 
material. GP-9100-A is our general purpose, medium cost 
sheet with good electrical and mechanical properties. GP-9104 
is also general purpose, but lower cost. GP-9202 is our flame 
resistant grade and best electrical grade except for arc resist- 
ance, GP-9204 is both flame and arc resistant, UL-approved for 
sole support of current carrying parts at temperatures up to 
150°C, 

One more point. The problems inherent in machining poly- 
ester glass laminates have had a tendency to discourage some 
designers from considering it. We suggest that you bounce 
this headache out of your production facilities and into ours. 


Circle 218 on page 17 


You see, we are interested in both your design and machining 
problems. Your component will be skillfully machined at one 
of our four complete, ‘‘service-located’’ fabricating facilities 


Send for our Polyester Technical Bulletin 1164. We'll be 
happy to include, also, data on the full line of National 
materials—over 100 grades. Write to National Vulcanized 
Fibre Co., Dept. C-3, Wilmington 99, Delaware 


1. Silk screened sign 
polyester sheet. 2. Mold 
ed weldors helmets 
3. Polyester sheet, natu 
ral. 4, Polyester sheet 
black. 5. Molded radome 
cover for traffic radar de 
tector. 6. Molded explo 
sive powder bucket. 7. 
Molded photographic film 
splicer housing. 8. Ma 
chined circuit breaker 
support bar. 9 Molded 
tray & lid. 10. Punched 
terminal boards 
Molded bread tray 
Punched electric arc sup- 
pressor. 13. Machined 
cam block 
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CHOOSE FROM THESE MATERIALS... 


Vulcanized Fibre: 10 standard grades; 
many special grades. 

PHENotite® Laminated Plastic: over 80 
standard and modified grades; paper, 
cotton fabric, nylon, asbestos, glass 
fabric, cotton and glass mat bases; 
phenolic, melamine, polyester, epoxy 
or silicone resins. 


Peeriess Electrical Insulation: coil, strip, 
corrugated, 


Extruded Nylon: 2 grades; rod, strip, 
pressure tubing, special shapes. 


Polyester Glass Mat: 4 standard sheet 
gtades; custom molded shapes. 


PuHenoute Copper-Clad Laminates: 
10 standard grades. 


Combination Materials: Rubber- 
PHENOLITE; Rubber-Fibre; Wood-Fibre; 
Metal-Fibre; Asbestos-Fibre; PEERLESS- 
PHENOLITE. 


BACKED BY THESE SERVICES... 


Field Application Assi 
Complete Fabricated Parts Service 
Stock Program for Immediate Shipment 


BY CALLING THESE OFFICES... 


.. VAlley 3-0393 
TWinbrook 4-3500 
AUstin 7-1935 
Cincinnati GArfield 1-0632 
Cleveland : ; ERieview 1-0240 
See .. .DAvis 4-4386 
Denver MAin 3-2077 
Detroit... UNiversity 3-3632 
Griffin, Ga. ; 8-1308 
Indianapolis W Alnut 3-6381 
Los Angeles RAymond 2-0391 
Milwaukee BRoadway 6-6995 
New Haven... . .LOcust 2-3594 
Newark . MItchell 2-6090 
COrtlandt 7-3895 
SHerwood 8-0760 
FAirfax 1-3939 
Hillside 5-0900 
PArkview 5-9577 
St. Petersburg . .5-5505 
San Francisco DAvenport 6-4667 
Seattle Nagin MElrose 2-7298 
Wilmington OLympia 5-6371 
IN CANADA: 
National Fibre Co. of Canada, Ltd. 
LEnnox 2-3303 
AVenue 8-7536 





Baltimore 
Boston 
Chicago. 


Philadelphia... . 
Pittsburgh 
Rochester 

St. Lovis 


Montreal 


NATIONAL 


Y WULCANIZED FIBRE Co. 


WILMINGTON 99, DELAWARE 
In Canada: 
WATIONAL FIBRE COMPANY OF CANADA, LTD., Torente 3, Oatarie 


MARCH 1959 





machine, construction and marine ap- 
plications where change of stroke may 
be desirable. Densmore Engineering 
Co., Inc., 2003 E. 14th St., Oakland 4, 
Calif. 501 


MINIATURE TEST CLIPS 

Miniature test clips (Type 2-20 with 
threaded stud and Type 2-24 with 
molded phenolic insulating washers) 
are designed to allow rapid connec- 
tions without manual opening and 
closing of jaws for breadboard work, 


as well as for testing resistors, trans- 
istors, capacitors and other pigtail type 
components. Tension on clip may be 
adjusted by tightening or loosening 
the hex nut under the jaws. Clips are 
made of nickel-plated brass and ex- 
tend only 34 in. above the mounting 
surface. Grayhill, Inc., 561 Hillgrove 
Ave., La Grange, Ill. >502 


SYNCHRONOUS TIMING 
MOTORS 


Main features of a line of Series 22100 
motors (illustrated) for 25, 50 or 60 
cycle operation in five standard voltage 
ratings are: extremely thin design 
(% in.) with available torque equiva- 
lent to much thicker motors, and com- 
pletely electrical operation. Meet re- 
quirements of MIL-E-5272A. Available 
also in a non-military version (42100 
series) for industrial and commercial 
applications in over 125 standard out- 
put speeds from 300 rpm down to 








Octagon Outlet Boxes and Covers 
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Bar Hangers and Bar Box Combinations 
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Square Outlet Boxes and Covers 
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Handy Boxes 
i pays to figure on 


and Covers 
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SWITCH BOXES 


Bevel Cornered Switch Boxes 
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Square Cornered Switch Boxes 


a @ 


Non-Gangable Switch Boxes 














Keystone Outlet Boxes and Switch Boxes are 
loaded with extras! BX and Romex clamps 
are pre-assembled for easy pulling of wires, 
knockouts come out fast, and tapped holes 
are extruded to eliminate stripping of threads. 


What's more, they come in all sizes, shapes 
and types—and they’re stocked at regional 
warehouses coast-to-coast, for immediate 
delivery—wherever you are! 


3 NEW CATALOGS—contain 
complete information on the entire 
Keystone Quality line of wiring > 
installation equipment. Send for 
your free set today! 


[KEYSTONE MFG. CO. 


23358 Sherwood Rd. « Warren, Mich. 
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anne 1 rev in 6 hr with either standard or 
USE A PUTTER heavy duty gear trains. A. W. Haydon 
Co., 232 N. Elm St., Waterbury 20, 


FOR A TWO HUNDRED Conn, >503 
pret YARD DRIVE? MINIATURE ELECTRO- 


MAGNETIC BRAKE-CLUTCH 


Pancake PMC-8 electromagnetic brake- 
clutch is designed for close-coupled 
applications and features impregnated 
and encapsulated coils, zero backlash, 





no slip ring requirement, zero end 
play with ABEC class 5 or better 
instrument bearings used throughout. 
Vibration, temperature and _ altitude 
proof per MIL-E-5272A. 

Unit length from servo flange to end 
of cap, 0.500 in.; servo mounting diam, 
1 in. Miniature torque clutch or brake 
is 6 oz-in. Power consumption is 4.5 
watts. Response 8 millisec. Autotronics, 
Inc., Dept. #18, Box 208, Florissant, 
Mo. >504 


OIL-TIGHT 
The fellow you see here is about to learn the importance of selecting the | PUSH-BUTTON SWITCH 
proper club in golf. It’s important, too, to select the electric power drive | For critical space requirements on con- 
system which exactly meets your production requirements. When stand- trol and console panels or pendant 
ard electric power drive systems don't, see your Sterling Application stations needing splash protection is a 
Engineer for the special design that will. push-button switch assembly using a 


Sterling offers a wide range of Normal Speed, Geared and Variable Speed icon, type 16 subminiature ewitch 


with double-break contacts, rated at 


Drives and an unlimited line of Special Duty Motors. 10 amp., 125 or 250 volts a-c or 30 volts 
INQUIRE TODAY d-c inductive. Button mechanism sealed 


with oil and coolant-resistant neoprene 


with integral O-ring to seal bushing to 
1 panel. Squeeze tabs on switch bracket 
aly q permit easy installation; switch is 
Slo-Speed 
Gear theters oe fais 


Constant Normal Multi-Mount 


Variable Speed Drives Speed Motors Speed Reducers 


TE RLI he E. Plants: LOS ANGELES 22 + CINCINNATI 12 


ELECTRIC MOTORS Offices and Stocks in Principal Cities 


| am interested in your application engineering service for special duty 
motors. 


a —— 





TITLE — oe. 8 | 





ADDRESS — 


en Se ee 


If you have a specific project in mind, please submit details for our ie Seba aah oe 
recommendation. ACTUAL SIZE RELATIONSHIP 


" 
PREVIOUS SPACE REQUIRED 
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time you order, ask for P-K Hi-thred. You 
get this extra measure of holding power 
at no increase in cost! P-K Hi-thred tap- 


Take a good look at any ordinary tapping } 
screw. See for yourself how the last thread ! 
deteriorates just under the head. That | 


deterioration means you lose a portion 
of the engagement in every fastening opera- 
tion. It often means slippage during final 
tightening—a ‘“‘spinner’”? which must be 


removed and replaced. §§ With the re- } 


volutionary P-K Hi-thred, you get full 
engagement with the material—a bulldog 
grip throughout the entire length of the 
screw BECAUSE THE Hi-thred 1s THREADED 
FULL TO THE HEAD . . . THE THREAD AC- 
TUALLY TERMINATES IN AN ANNULAR OR- 


IFICE IN THE HEAD ITSELF! §§ Next |. 


MARCH 1959 


| 


ping screws are available in production 
quantities in types A or Z in non- 
countersunk slotted or Phillips Re- 
cessed head styles. §§ Get samples 
and technical data from your nearby 
P-K “Bulk-Stocking” Distributor. Call 
him today! 


PARKER-KALON DIVISION 


General American Transportation Corpora- 


| tion, Clifton, New Jersey + Offices and 


warehouses in Chicago and Los Angeles. 


*Pat. Pending 


-K...MADE IN U.S.A, 





Circle 221 on page 17 


233 





AIR PAX 


ELECTRONICS 


rN CO RR Oe Be SS 


... displays these products at the 
IRE Show, Booths 2306-2308 


—S=a 
TRANSISTOR 


CHOPPER 
ACTUAL SIZE 


"OW NOISE 
CHOPPER 


PULSE 
TRANSFORMER 





FERRAR 
AMP| IFIER 
Swe, 


' (heOt Roa, fa 


MOLDED 


MAGNETIC CIRCUIT BREAKER MAGNETIC DC AMPLIFIER 








TACHOMETER UNIT 


The items pictured above, several shown for the first time, 
all carry the Airpax unqualified guarantee of high quality, 
superior performance and long life. Airpax is first with the 
latest advances in design, circuitry and packaging. 


CAMBRIDGE MARYLAND * FORT LAUDERDALE FLORIDA 
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quickly clipped to panel-mounted but- 
ton after wiring. 

Button assembly is finished in ano- 
dized aluminum in seven standard col- 
ors. Made in four terminal styles, in- 
cluding solder, screw and AMP Taper 
Tab for quick connection, each style 
is available in single-pole through four- 
pole assemblies for multiple circuitry. 
Licon Switch & Control Div., Illinois 
Tool Works, 6606 W. Dakin St., Chi- 
cago 34, Ill. >505 


400-CYCLE RESISTOR 
NETWORKS 

Accuracies as high as +-0.005 per cent 
under all ambient temperature condi. 
tions of from 0 to 70 C, as well as 
slightly wider tolerances for conditions 
of from —55 to +125 C, are available 
in GenRes resistor network designs 


with resistance densities as high as 4 
megohms per cu in. while maintaining 
quadrature effects as low as 1/10 
mv per volt input. Hermetically sealed 
custom packaging includes drawn can 
or epoxy-molded types having metal 
mounting brackets or studs for use 
with 400 cps systems for summing cir- 
cuits, voltage dividers, binary networks 
and similar applications. General Re- 
sistance Inc., 577 E. 156th St., New 
York 55, N. Y. > 506 


VARIABLE TRANSFORMERS 

VT4-3.5 amp and VT8-7.5 amp are 
two variable-transformer models added 
to the Ohmite line. Ratings are for 
units with overvoltage feature. Table or 
panel mounting is possible with an 
adjustable shaft and positive current 
transfer is achieved by means of a 
shunt pigtail from brush to slip spring. 
Dials are direct reading, calibrated on 
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ARNOLD offers you the widest selection 
of Temperature Stabilized 
MO-PERMALLOY POWDER CORES 


Arnold Molybdenum Permalloy powder cores are available 
with the temperature coefficient of inductance controlled 
within certain limits over specific temperature ranges. Most 
core sizes and permeability combinations can be supplied 
in at least one of the four different types of temperature 
stabilization available. 

For example, most of the popular core sizes are manu- 
factured in the new type of wide range—‘‘W"’—stabilized 
cores whose temperature coefficient of inductance does not 
exceed 0.5% over the temperature range covered by the 


For more information write for Bulletin PC-104B 
Lists complete line of Mo-Permalloy Powder cores . . . available in 25 
sizes from 0,260” O.D. to 5.218” O.D, Furnished also with various 
types of temperature stability from Type “A"’ unstabilized to Type 
“W"" stabilized over the temperature range of —6S5° F to +185° F. 


ADDRESS DEPT, EM-93 
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MIL-T-27 specification of —55° C to +85° C. 

This type of guaranteed maximum change of inductance 
with temperature, as well as the constancy of permeability 
with time and flux level, are of particular importance to 
apparatus and circuit engineers. Many precision military 
and industrial applications demand the uniform performance 
and the excellent physical properties found only in Arnold 
Mo-Permalloy powder cores. 

For design flexibility they are furnished in a full range of 
sizes, up to 5.218’’ O.D., in four standard permeabilities: 
125, 60, 26 and 14. You will find them dependable and easy 
to use. You will find most sizes and types in stock now 
for immediate shipment. 

Let us furnish your requirements for temperature sta- 
bilized Mo-Permalloy powder cores, or any magnetic mate- 
rials you need, from the most complete line in the industry. 
@ Address The Arnold Engineering Company, Main Office 
and Plant, Marengo, Illinois. 


WEW 6e88A 


# ARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 


BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
Find them FAST in the YELLOW PAGES 
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Be 


designed to your 
| control needs. 
| 
' 


it mercury relays 
° ale mee) alagelis 


epend on 


SEND FOR FREE 
CATALOG J-8203 


Adams & Westlake 
Elkhart, Indiana 
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OESCH 


BW2 BOBBIN winder 


* improved 
* faster 
* fully automatic 


rugged, versatile, high speed winder for 
bobbins, solenoids, resistors, relays and 
other random-wound coils. 


Write for bulletin BW 2 today! 


Boesch Manufacturing Co., Inc. Danbury, Conn. 


See us at the |. R. E. Show Booth 4202 
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one side for overvoltage connection and 
on the other for normal line connection. 
Ohmite Manufacturing Co., 3613 How- 
ard St., Skokie, Il. >507 


SHADED-POLE MOTORS 


Redesigned KSP-29 5-in. diam shaded- 
pole motors are rated up through 1% 
hp in 4 and 6-pole models and are 
listed by UL for use on window fans 
where 100 per cent rain test acceptance 


is desirable and on portable evapora- 
tive coolers subject to operation in 
moist atmospheres. Stator core struc- 
ture and insulating material are bond- 
ed into a completely integrated unit. 
Oil pump grooves recirculate the oil 
away from the motor output shaft. 
General Electric Co., Schenectady 5, 


eo > 508 


INDICATOR LIGHT STRIPS 
Dialeco Data Strip is a unit designed 
to provide a number of ultraminiature 
indicator lights ready for mounting in 
a minimum of space. The basic indi- 
cator light consists of a lampholder 
with a plug-in lamp cartridge with 
either a T-1%4 incandescent in a volt- 
age range from 1.35 to 28 volts or an 
NE-2E neon lamp for 105 to 125 volts. 
Each lampholder has two terminals and 
is completely insulated. Cartridges are 
capped with short or long cylindrical 
lenses hot-stamped with one or two 
numerals, symbols, or letters. 
DSV-7538-10 strip holds 10 lamp- 
holders on 1%-in. centers with 1-in. 
spacing but strips can be made with 
any desired number of lampholders on 
the aluminum channel, for vertical or 
horizontal reading. DM-7538-18 Data 
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Varmat is the newest addition to the famous Vartex line of 
quality tapes . . . designed especially for use where 

exceptional resistance to moisture is essential. A low power 
factor tape, Varmat also offers you high heat resistance and high 
dielectric strength. It can be slit to any width and is ideal for 
wrapping. Typical applications include coil windings and cable 
splicing. Varmat is supplied coated with black or yellow varnish 

or other moisture- and high heat-resistant coatings. 


DISTRIBUTORS 
Earl B. Beach Co., Pittsburgh, Pa. d ee. .°¢@ bo 
Phila. (Clifton Heights) Pa. 
scot thao sleigh) Pe New Jersey Wood Finishing Company 
John H. Cole Company, Oklahoma City, Okla. 
ee ees aes Seen Oi. D., MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION 


Electrical Insulation Suppliers, Inc., Atlanta, Ga. 

Electric Motor Supply Company, Denver, Colo. : 

Hanna & Ferguson, Rochester, N. Y. WOODBRIDGE, N. J. 

Hippler Sales Company, Webster Groves, Mo. 

a ‘Manufacturers Corp. Varnished Cambric Cloth and Tapes “VARSLOT" Combination Slot Insulation: —— 
: a a Ses, ‘i Varnished ‘‘Fiberglas’’? Cloth and Tapes Rog Paper and Vartex Varnished Cambric 
Detroit, Mich. Pittsburgh, Pa. Varnished Silk and Silk Substitute Fish Paper and Vartex Varnished Cambric 

J. F. Kerrigan & Co., Hamden, Conn. ; Synthetic Resinous Tapes and Extruded Tubing Rag Paper and “Mylar'’* Polyester Film 

hg om “level Pork NY. ee ae Cable Wrapping Tapes Asbestos Paper and “'Mylar’’* Polyester Film 

C. E. Riggs, Inc., Portland, Ore., Seattle, Wash. Polyethylene, Sheets, Tapes and Extruded Tubing Kraft Paper and “Mylar’’* Polyester Film 

J. P. Scanlon, Rochester, N. Y. *“VARSIL" Silicone Varnished “‘Fiberglas’’? Vartex Varnished “Fibergias”* and 

are tone egg h ow tay aaatae Houston, Cloth and Tapes “Mylar"’* Polyester Film 

’ ’ x ~ 
White Supply Company, St aT Mo. Special combinations avaliable upon reques! 


Exnort Aqent: Lionel-{ss2x Interna:ional Corp., Ncw York, N.Y *Mylar, Ou Pont’s registered trademark tFiberglas, Owens-Corning Fiberglas registered trademark 
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cote YOUR 


highly esteemed trademark with 


_—w 


rlalo Mm talatelatets your 


yes 


Make CORNISH your headquarters for 


CUSTOM 


CORD SETS 


R ENGINEERS 


FOR FORTY YEARS we've specialized in the 
Tale T lal -talale ME -lale Mm olaele | ondlels Moh am i107: Chip cord 
sets for Blue Chip electrical equipment and 
appliances Let CORNISH machinery men and 
eal chaatete kt help your fine products to serve better 

LONGER. All our know-how at your service 


Consult Us Without Obligation 


ADEQUATE 
WIRING BUREAU 


CORNISH WIRE CO., inc 


50 Church Street New York 7. N Y 


REPRESENTATIVES 





@ ATLANTA BRIDGEPORT @ CHARLOTTE @ CHICAGO 

CLEVELAND @ DALLAS DENVER @ OETROIT @ KANSAS CiTy 

@ LOS ANGELES @ MINNEAPOLIS @ PHILADELPHIA PITTSBURGH 

@ ROCHESTER @ ST. LOUIS @ SAN FRANCISCO @ SEATTLE @ WILLIAMSTOWN 
@ Stock carried 


Producers of Quality Wire Products for Home, Farm and Industry 


@ CINCINNATI 
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Matrix, similar but rectangular in 
shape, is a typical binary computing 
application and holds 18 lampholders. 
Dialight Corp., 60 Stewart Ave., 
Brooklyn 37, N. Y. > 509 


METALLIZED CAPACITORS 


Two types of drawn metal case “bath- 
tub” metallized capacitors supplement a 
line of 125 C cylindrical case metallized 
designs. Type 144P Difilm uses a dual 


dielectric consisting of both metallized 
paper and polyester film. Type 143P is 
for applications which do not require 
the high insulation resistance or other 
special performance characteristics of 
Type 144P. Both capacitors can be used 
safely in most low-noise-level circuits 
and find their widest application in mil- 
itary electronics. Sprague Electric Co.., 
307 Marshall Street, North Adams, 
Mass. >510 


CARD RECEPTACLE 
CONNECTORS 


Reli-Acon  printed-circuit card-recep- 
tacle connectors include 24-contact as 
well as 22, 18, 15 and 10-contact 
single-side receptacles, and 48-contact 
as well as 44, 36, 30 and 20-contact 
double-side receptacles, all having 
0.156 in. centers. Max initial insertion 
force of a card of nominal thickness 
will not exceed 14 oz per contact for 
either type of connector. Another fea- 
ture consists of optional card retainers 
which insure a vibration-proof mount 
by requiring the manual release of two 
spring latch dogs before the card can 
be removed from receptacle. Connectors 
are furnished in glass-filled  dially! 
phthalate with gold-plated phosphor 
bronze or beryllium copper contacts 
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function 


for axial assembly 


for taking up end-play 





axial assembly 


radial assembly 





nomenclature basic 


inverted 


bowed 


beveled 


prong- 
lock® 


bowed 
e-ring 





G 





series no. 


5000 | 5100 


5008 


5108 


5001 


5101 


5002 


5102 


5139 


5131 





Internal for 
Housing Bores 


External 


application for Shafts 


Internal for 
Housing Bores 


External 
for Shafts 


Internal for 
Housing Bores 


External 
for Shafts 


Internal for 


Housing Bores 


External 
for Shafts 


External 
for Shafts 


External 
for Shafts 





in. .250-10.0 | .125-10.0 


range 


.750-4.0 


-500-4.0 


.250-1.456 


-188-1.438 


1.0-10.0 


1.0-10.0 


.094-.438 


-110-1.375 





6.4-253.8 


mm. 


3.2-253.8 








function 


for radial 





19.0-101.5 


assembly 


12.7-101.5 


6.4-37.Q 





4.8-36.5 





25.4-253.8 


25.4-253.8 


self-locking type 


2.4-11.1 


) 





2.8-35.0 





nomenclature § crescent e-ring 


reinforced 
e-ring 


interlocking 


circular self-locking 


triangular 
self-locking 


triangular 
nut 


grip-ring 





CY) 


O 
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series no. 


5103 | 5133 


5144 


5107 


5005 


5115 


5105 


5305 


5300 


5555 





External 
for Shafts 


External 


application for Shafts 


External 
for Shafts 


External 
for Shatts 


Internal for 
Housing Bores 


External 
for Shafts 


External 
for Shafts 


External 
for Shafts 


With 
Threaded Screw 


External 
for Shafts 





in. 125-2.0 | .040-1.375 


range 


.094 - .438 


.469-3.375 


312-2.0 


.094-1.0 


.094-1.0 


.062-.437 


.077-.755 





mm.§  3.2-51.0 1.0-35.0 











2.4-11.1 








11.9-85.7 


7.9-50.8 








2.4-25.4 


2.4-25.4 





1.55-11.1 














GENERAL DESIGN PRINCIPLE: 
Tapered construction permits rings to 
maintain constant circularity and 
groove pressure. 

Series 5000 and 5100: Basic types for 
axial installation. Rings provide opti- 
mum groove strength. 

Series 5008 and 5108: Best clear- 
ances. Accommodate parts having 
large corner radii or chamfers. 


Series 5103: Best clearances. Secure 
against moderate impact, vibration. 
Series 5133: Provides high coupling 
shoulders; accommodates wide groove 
tolerances. Easy servicing. 

Series 5144: Reinforced E-ring. Five 
times more gripping strength, 50% 


higher RPM limits than standard 
E-rings. 

Series 5107: High impact resistance; 
high coupling shoulders. Accommo- 
dates extremely high rotation and rela- 
tive parts rotation. 


Series 5001 and 5101: Resilient end- 
play take-up. Accommodate wide toler- 
ances. Recommended for pre-loading 
bearings. 

Series 5002 and 5102: Rigidly locked 
end-play take-up. Recommended for 
locking one race of parallel bearing 
assemblies. 

Series 5139: Rigidly locked into posi- 
tion by protruding locking tabs. Pro- 
vides high resilient end-play take-up 
with sliding tabs for uniform flexure. 


Cannot be forced from groove without 
destroying ring. Accommodates rela- 
tive parts rotation. Equally effective 
with round, square, rectangular or hex 
shafts. 

Series 5131: Provides high take-up. 
Recommended where clearances are a 
major problem. 


Series 5005, 5115, 5105 and 5305: 
Prongs dig into shaft, locking rings 
against movement in one direction. 


Series 5300: Spring tension locks parts 
assembled with threaded screws. 


Series 5555: Self-locking against move- 
ment in either direction by spring ten- 
sion. Since no groove is required, ring 


is adjustable to any position on shaft. 


©1958 Waldes Kohinoor, Inc. 


WALDES 


TRUARC 


RETAINING RINGS 


Walides Kohinoor iInc., Long Isiand City 1, N. Y. 


Waldes Truarc Retaining Rings 
are modern fasteners that 
solve a wide variety of design 
and production problems. 
Send for your new 24-page 
Catalog RR 10-58. 
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Whatever your needs may be, choose from complete and ample 
stocks of these materials . . . and enjoy fast delivery. 


Nyton Rod and Tubing. Guaranteed bubble free, light weight 
CuemiskAu Nylon has excellent mechanical properties, resistant to 
chemicals, oils, grease, solvents. Available in many diameters and 
lengths. 


TEFLON Sheet, Tape, Rod, Tubing, Bars, Cylinders. Imper- 
vious to all chemicals except molten alkali, TEFLON is suitable for use 
at temperatures from —110° to +500° F. It’s tough and abrasive 
resistant, has a low coefficient of friction, zero water absorption, 
excellent dielectric properties. Comes in widest variety of types 
and sizes. 

Ket-F Sheet, Rod, Discs, Bars, Cylinders, Resists chemicals, 


alkalies, solvents. Offers high compressive strength, low cold-flow 
characteristics. All sizes on hand to meet your needs. 


You'll get prompt service anytime, anywhere. Just call or 
write the nearest of the Garlock Packing Company’s 30 sales offices 
and warehouses throughout the U.S. and Canada. 


*DuPont Trademark for TFE Fluorocarbon Resin 
tM. M. & M, Trademark 


tates 


asket Plastic: Duision of 
GARLOC KX 
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THE GARLOCK PACKING COMPANY, 


nited Scat 





and cadmium-plated latch springs. 
Available with or without nickel mount- 
ing-hole grommets. Methode Manufac- 
turing Corp., 7447 W. Wilson Ave., 
Chicago 31, Il. >511 


PRESSURE 
SWITCH/TRANSDUCERS 


Pressure switch/transducer Series 1500 
is a miniature unit designed to meet 
the exacting requirements of aircraft, 
missiles and rockets. Applications in- 
clude lubricating, pneumatic, hydraulic, 


Electrical 


Receptacle 


Aluminur 


Housing 


Double 


Locks for 


Adjustment Adjustment 


Setting 


nnection (Port) 


fuel, chemical and gas pressure sys- 
tems. All moving parts are assembled 
in a rugged aluminum housing, en- 
vironmentally sealed by O-rings at each 
end. Weighs 6 oz and is capable of 
sensing pressure levels of from 0.5 to 
4000 psi by changing internal modular 
components. Exact calibration of each 
switch assembly is obtained by rotating 
the external pressure setting adjustment 
and locking. Meets MIL-E-5272A speci- 
fications. Optional mounting bracket 
provides vibration isolation up to 2000 
cps and up to 50 g. Haydon Switch, 
Inc., Waterbury 20, Conn. +512 


SOLID ELECTROLYTE 
TANTALUM CAPACITORS 


Subminiature, metal-cased hermetically 
sealed capacitors, Type TES, with solid 
tantalum dielectric and solid electrolyte 
are designed for use in miniaturized 
circuitry in computers, aircraft, mis- 
siles, transistorized circuits and_port- 
able equipment. The smallest is ¥% in. 
diam and 4 in. long and the longest 
of the present series is 4 in. diam 
and “46 in. long. 

Capacitance range from 0.0047 to 47 
wf, with average variation +5 per cent 
at 25 C. Dissipation factor less than 
0.06, leakage current at rated voltage 
and 25 C is less than 0.05 pamp per 
pl per volt, or 2 pamp, whichever is 
greater. These units will operate at 
full rated working voltage over a tem- 
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@ Non-rusting, non-corroding—weather and in- 
dustry proof, clear through! 


@ 60% Lighter than lron—easier to handle. 


@ Smooth Inside and Out—prevent wire and 
hand skinning. 


@ Clean-Cut Threads—precise fit, easier 
installation. 


fal: ALL- ALU * fr a a aaa any danger of fire or 


CONDUIT BODIES AND COVERS EXPLOSION-PROOF FITTINGS AND SWITCHES 


VAPOR-TIGHT LIGHT FIXTURES 


ACCESSORIES SPECIAL FIXTURES 


a» & 


eas Gay 


ELECTRIC MANUFACTURING CO. 


VANDEVENTER AND EASTON: ST. LOUIS 13, MO. 
NEW YORK CITY—W. 3. Wickenhelser Co., 600 West 
KILLARK REPRESENTATIVES 181st St., (Room 22) New York City 33, New York 
ATLANTA—Ernest T. Loyd, Inc., 69 Mills St., N.W., DALLAS—Geo. E. Anderson Co., 1901 Griffin $t., Dallas OMAHA—W. C€. McConkle, 8115 Gold Ave., Omaha, 
Atlanta 8, Georgia 2, Texas Nebraska 
BALTIMORE—Eastern Sales Co., 1561 Lister Rd., DENVER—Kenneth B. Schumann Co., 1073 Galapago $1., PHILADELPHIA—Harry G. Anschuetz Co., 113-115 
Baltimore 27, Maryland Denver 4, Colorado 23rd St., Philadelphia 3, Pa 
BOSTON—Electrical Agencies, Inc., 49-51 ‘'D St., DETROIT—Riecher Electric Sales Co., 8319 Ma.k Ave., PHOENIX—Kenneth Anderson Co., c/o Mr. Melvin C 
Boston 27, Massachusetts Detroit 14, Michigan Leng, 442 S. 7th Ave., Phoenix, Arizona 
BUFFALO—Eberhardt Electric Sales, 278 Johnson St., KANSAS CITY—Wm. B. Terry Organization, 616 W. PITTSBURGH—Crescent Sales Co., Inc., 4830 McKnight 
Buffalo, New York 26th St., Kansas City 8, Mo. Rd., Pittsburgh 9, Pennsylvania 
CHICAGO—Jack L. Rowe & Son, 2039 W. Jackson, Chi- LOS ANGELES—Kenneth Anderson Co., 123 South Myers RICHMOND—W. E. Sullivan, Jr., 6211 A West Broad St 
cago 12, IIlinois St., Los Angeles 33, Calif. Rd., Richmond Virginia 
CINCINNATI—Arthur L. Ehlers Co., 1031 Meta Drive, MILWAUKEE—Martin-Gaertner Sales Inc., 1108 North SAN FRANCISCO—F. M. Nicholas Co., 714 Harrison $1., 
Cincinnati 37, Ohio Third, Milwaukee 2, Wisconsin San Francisco, California 
CLEVELAND—Lusty-Thomson Co., 2140 Hamilton Ave., MINNEAPOLIS—Harry P. Smith Co., 826-27 Andrus Bidg., SEATTLE—Northwestern Agencies, Inc., 4130 First Ave., 
Cleveland 14, Ohio 2,™ South, Seattle 4, Washingtea 
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and at 75 per cent of rated voltage up 
to 125 C. Astron Corp., 255 Grant Ave., 
East Newark, N. J. 513 
MINIATURE LAMP 
SWITCH INDICATORS 


Eldema E-Lite miniature replaceable- 
lamp indicators are available with cur- 
rent-limiting resistors in IDH E-Lite 
series. Also furnished without resistors, 
with either neon or incandescent lamps 
and with plain or fluted, round or flat, 
wide or narrow lenses and in any of 





several colors. Flat lenses, for data 
readout, accommodate up to three 
digits, letters or symbols. 
Cases miniaturized to 34 in. diam 
a ” made of aluminum, black-anodized to 
x 2-29/32 MIL-A-8625 (ASG) for corrosion re- 
sistance. Lenses are modified styrene 
per MIL-P-13401 for max lighting ef- 
These circuit selectors or stepping relays, model BD2, per- ficiency. Insulation is Melamine MME 
form dependable, remote switching jobs such as, stepping per MIL-P-14 or glass-nylon. Used in 
. counting . . . programming. . . circuit selecting... | computers, data-processing machines, 
sequencing ... and homing. automated control systems, instrument 
panels and other equipment requiring 
check these features: Small and light . . . the four wafer selec- front panel indication or readout. El- 
tor switch is only 1%” wide, 2*%2" long and weighs only 3% dema Corp., 1805 Belcroft Ave., El 
oz, ... available with 1, 2, 3, or 4 switch wafers ... 12 Monte, Calif. >514 
positions with silver alloy contacts ... 12 position floating 
ratchets . . . anti-overthrow latch . . . flange mounting 
...a choice of ratings from 3 to 300 volts D.C. . . . avail- HERMETICALLY SEALED 
able in hermetically sealed models . . . and designed to | HEADERS 
meet all applicable environmental tests of MIL-E-5272B. | Tantalum pins (7 and 9 pin) with 
“. | nickel braze alloy, combined in a 
strong hermetic seal with an Al-Si-Mag 
immediate delivery from stock of standard model, alumina ceramic base and envelope for 
part No. S-10019-004...3 pole, 12 throw switch- vacuum tube use, are a feature of head- 
ing, 12 position, notch homing, self-interrupted, 28 | ers which allow higher bake-out tem 
volts D.C., flange mounting 


Lote aly. «+ for engineering and stock model 


information . . . Bulletins 55852 and 558ST2 | 


only 3-1/2 oz. small...only 1-3/8 





123 WEBSTER ST., DAYTON 2, OHIO 


eeeeoeeoeeeeeeeeeeeeeeeeeeeeeeeeeeenee 
IN CANADA: Marsiand Eng. Ltd., Kitchener, Ontario 


IN EUROPE: N.S.F. Ltd, 31-32, Alfred Place, London, England 
N.S.F. GmbH, Further Strasse 10lc, Nurnberg, Germony 
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Quality in stainless steel starts in the melt shop, where Industry Standards are 
met — or missed. 


1 out of every 7 tons of stainless used in the last 15 years came from the melt shop 
of J&L’s Stainless and Strip Division, To achieve that remarkable record as a 
supplier of semi-finished products, J&L set up its own standards and specifications 
— far more exact, more precise, more rigid than those in general use. Today J&L 
leads the industry in melting practice standards—the point where quality starts. 


Chances are 1 out of 7 you have already enjoyed J&L quality in stainless, without 
knowing its melt shop origin. Now you can eliminate chance! Newly installed 
cold rolling and finishing equipment in operation at Louisville, Ohio, makes J&L 
the most modern integrated source for finished mill products — stainless sheet, strip, 
bar and wire. All of traditional J&L stainless quality. 


On your next stainless steel order specify “J&L Consistent Quality.” Don’t pay 
for less. 


Plants and Service Centers: 


Los Angeles * Kenilworth (N. J.) * Youngstown + Louisville (Ohio) + Indianapolis « Detroit 


a ie -e e 


“FLIGHT OF PROGRESS” 
a stainless steel sculpture by Robert Edward Hamilton 


STAINLESS 


SHEET + STRIP * BAR + WIRE 


Jones & Laughlin Steel Corporation + STAINLESS and STRIP DIVISION e¢ Box 4606, Detroit 34 
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KLEIN midget pliers 


speed up electronic assemblies 


Hardly larger than a package of your 
favorite cigarettes, these Klein midget 
pliers fit into small spaces, simplify- 
ing wiring on electronic assemblies. 

Midgets in size but giants in per- 
formance, they make it easy to work 
in confined space. 


These midgets are recent additions 
to the famous Klein line of high-qual- 
ity pliers. Scores of long nose, side 
cutters, oblique cutters and other 
types are illustrated and described in 
the Klein catalog. A copy will be sent 
without obligation. 


FREE KLEIN CATALOG 
Catalog 101A, listing and describing 
scores of Klein Pliers, will be sent on 
request. Write for it today. 


ASK YOUR SUPPLIER 
Foreign Distributer: international Standard Electric Corp., New York 


Mathias coro I LET N & Sons 


00) ory ORMIC AD 


CHICAGO 45, ILLINOIS 
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peratures during subsequent assembly 
to the envelope. The materials also have 
low  vapor-pressure characteristics. 
American Lava Corp., Chattanooga 5, 


Tenn. S15 


ILLUMINATED 
PUSH-BUTTON UNIT 


Combining a push-button with a 6-volt 
pilot light, illuminated heavy-duty unit 
Bulletin 800T is designed to fit stand- 
ard oiltight enclosures or to be installed 
as units in existing oiltight control sta- 
tions. Completely sealed to exclude oil 


and coolants with double-break NO-NC 
contacts of silver alloy. Flexible cir- 
cuitry permits the pilot lamp to be 
wired for ON or OFF when the button 
is pressed; it can also be energized 
from a separate source or be wired 
as a push-to-test pilot light with normal 
pilot light lenses available. Step-down 
transformer is built into each unit. But- 
ton-type lenses furnished in a variety 
of colors with guard collars which can 
also be used with padlock to lock 
button in “down” position. Allen-Brad- 
ley Co., 1316 South Second St., Mil- 
waukee 4, Wisc. >516 


FUSE BLOCKS 


Add-On fuse blocks, designed to sim- 
plify protection of small 
motors or control apparatus on mullti- 
ple circuit equipment, may be assem- 
bled at either end into a unit fuse 
block of one or any number of poles. 
Single pole blocks interlock by means 
of a boss that slips into a recess in 
block and 
each unit is firmly locked in place by 
a single screw. Poles may be added 
or removed without the necessity of 


solenoids, 


bottom side of adjacent 


disconnecting terminal leads on other 
units and each fuse can be used as a 
circuit disconnect. Clips permit raising 
one end of the fuse to a right angle 
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The E-Pak System consists of an all-epoxy 
header with embedded lead wires, a cured 


epoxy shell and a premetered epoxy pellet. 


New all-epoxy 


PAIK’ system papas eve emp 
drastically cuts 
encapsulation costs! 


Assembly Time and 
Reject Rate Greatly Reduced 


After the component 
is soldered to the 
epoxy header, a 
premetered pellet is 
dropped into the 
cured epoxy shell. The 
cover and component 
. are then inserted into 
Soldering of leads the shell. 
is quick, simple, safe— 
never a cracked glass or 
broken seal because it’s all epoxy. And 
with rugged epoxy covers, your lead 
wires can be made of any metal. 
No coefficient-of-expansion problem. 





The entire package 











is then heated; the 
pellet automatically 
melts and cures, 
embedding the 
component and 
sealing the cover. 
In cases where 
encapsulation is 
desired without 
embedment, a self- 
sealing epoxy cover 
is available. 


You now have a solid, 
chemically-inert seal 
from within; there is 
no solder, no flux, no 
acid to endanger 
component reliability. 
Your component is 
hermetically sealed 
and embedded in 
cured epoxy forever. 


Write today for complete information and samples. 


E PO XY PRODUCTS, INC. 


A Division of Joseph Waldman & Sons 
137 Coit Street, Irvington, New Jersey ESsex 5-6000 
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position and circuits can be numbered 
or otherwise identified with plastic 
strips that snap-lock to the base. Buss- 
mann Mfg. Div., McGraw-Edison Co., 
University at Jefferson, St. Louis 7, 
Missouri. >517 


SELF-LUBRICATING BEARING 


High temperature self-lubricating bear- 
ing material is composed of carbon 
graphite impregnated with copper and 
silver, depending on the application. 
Recommended temperature for contin- 
uous service is 750 F max, with 1000 F 
for intermittent periods not uncommon, 
In a non-oxidizing atmosphere, up to 
1500 F temperatures can be tolerated. 
The material has been designed pri- 
marily for applications such as jet 
aircraft, ovens, hot conveyors, drying 
kilns, etc. Other applications include 
self-lubricating contacts, brushes and 
positive-torque friction disks, Metallized 


volts and is capable of switching 
power up to 1 kw. Of n-p-n construc- 
tion, with low saturation resistances 
(max 0.7 and 0.5 ohms, respectively, 
for the 2 and 5 amp units), either can 
handle high switching power with min 
losses. Units are characterized by small 
case-to-junction temperatures up to 
150 C and are sealed in a welded 
stainless steel case, designed for mount- 
ing on an external heat sink by a 


nish which has an oven-dry time (free 
from tack) of 30 min at 275 F, a dry 
dielectric strength of 2480 volts per 
mil, and excellent penetration, adhe- 
sion, flexibility and toughness. Because 
of the abbreviated cure time, the new 
varnish is expected to be widely used 
in high-volume production systems for 
insulating coils, transformer compon- 
ents, stators, armatures and other elec- 
trical and electronic parts and is par- 
ticularly adaptable to conveyorized dip 
and bake systems. Minnesota Mining 
and Mfg. Co., Irvington Div., 900 Bush 
St., St. Paul 6, Minn. >520 


ALUMINUM MAGNET WIRES 


Aluminum magnet wires in round, film- 
insulated and square, film-and-fibrous- 
insulated types (also film or paper rec- 
tangular) are reported to have im- 
proved winding characteristics, and 
better performance at high tempera- 


tures than their equivalents in copper. 
Both film and fibrous insulations are 
offered in operating temperature classes 
A, B, F and H. Special aluminum 
processing permits the guarantee of 
higher conductivities (62.7 per cent 
IACS) than offered heretofore. Kaiser 
Aluminum & Chemical Sales, Inc., 919 
N. Michigan Ave., Chicago, Ill. —>521 


(Continued on page 248) 


Carbon Co., 19 So. Water St., Ossining, 
ae & >518 


threaded stud. Max overall dimensions 
are 114 in. diam and 1-7/64 in. high. 
Westinghouse Electric Corp., P, 0. Box 


SILICON TRANSISTORS 2099, Pittsburgh 30, Pa. >519 


Two high-power silicon transistors WX- 

1015 and WX1016, for switching and INSULATING VARNISH 
amplifier applications, are rated at 2 Irvington brand No. 133 fast-cure in- 
and 5 amp. Each has a collector-to- sulating varnish is a clear, internal 


emitier voltage range from 30 to 300 curing, ester-type synthetic-resin var- 
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“ns PERMAG *. 
| 

oe MAGNETS | 
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‘ 
. CAL Ol ymwiaA7-1818 


If you want paper of 
EXCEPTIONAL 
UNIFORMITY 


MOSINEE 


will make it to your 
EXACT SPECIFICATIONS 


ALL SIZES, 
ALL SHAPES, 
ALL GRADES 

IN STOCK 


Magnets for every use .. . Alnico and 
ceramic . . . sintered and cast. . . are 
available from our huge stock, Our serv- 
ices include engineering, precision grind- 
ing, precision cutting and magnetizing. 
24-hour delivery. Write for catalog. 
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MOS INEE 
PAPER MILLS COMPANY 


PERMAG CORPORATION Mosinee 
88-06 VAN WYCK EXPRESSWAY, JAMAICA 18, N.Y. 


Wisconsin 
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EY MICRO SWITCH Precision Switches 


Compact “AT’’ toggie switch 
assemblies meet wide range of 
requirements in small space 


The 13 toggle switch assemblies illustrated above 
represent a group of more than 100 similar com- 
pact assemblies designed to actuate from one to 
as many as a dozen miniature precision basic 
switching units. They find wide use in aircraft, 
mobile, marine, electronic, and all panel appli- 
cations. 

In this group are 2- and 3-position switches, in 
all combinations of contact arrangements... 
with either maintained or momentary lever posi- 
tions. Within the group are switches for special 
requirements. For example, the switch at upper 
right includes an “electric memory” unit that 
indicates by a light or buzzer which circuit was 
last actuated. Other assemblies in the line fea- 


ture pull-to-unlock levers, sealed levers, and 
hermetically-sealed basic switches. 

All are manufactured with utmost precision, 
with consideration given to such important de- 
tails as rigidity, positive ‘‘feel’’ and positive ac- 
tion, ease of mounting, good appearance, and 
long life. 

“AT” toggle switch assemblies are described 
fully in Catalog 73. Assistance in switch applica- 
tion is available from the MICRO sWITCH Branch 
Office near you. 


MICRO SWITCH... FREEPORT, ILLINOIS 


A division of Honeywell 


In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


Honeywell 


MICRO SWITCH PRECISION SWITCHES 
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MINIATURE TERMINAL 
BLOCK 


Miniature terminal block Type 520 
mounts on printed-circuit boards for 
simplified external connections, elim- 


inates soldering by providing screw 


connections integral with terminal pins 
that slip into standard connector 
mounting holes in the printed-circuit 
board, Available in 2 to 24 terminals. 
Kulka Electric Corp., 633 So. Fulton 
Ave., Mount Vernon, N. Y. 522 


TRANSPARENT PLASTIC 
RODS 


Previously available only in sheets, 
Homalite 100 clear methacrylate ther- 
mosetting plastic rods are now obtain- 
able from 14 to 2 in. diam, in lengths 
up to 36 in., with a high resistance to 
abrasion. The material is said to be 


unaffected by any known solvent, to 
withstand temperatures up to 230 F 
and higher for short periods, and to 
have high impact strength even at low 
temperatures. The Homalite Corp., 15 
Brookside Dr., Wilmington, Del. —>523 


ALUMINUM STRIP 
WINDINGS 


Alcoa’s recently announced No. 3 EC 
alloy, developed expressly for use as 
a material for strip windings, weighs 
one-half as much as the metal in an 
equivalent winding of copper. Permits 
higher current densities in strip wind- 
ings because each turn has lateral 
radiating edges exposed to the cooling 
medium, providing effective heat dis- 
sipation. This feature permits consid- 
erable design latitude in either reduc- 
ing the cross section of the aluminum 
used, or increasing the current rating 
for equivalent heat rise. Layer-to-layer 
temperatures are nearly uniform and 
hot spots inherent in conventional wind- 
ings are virtually eliminated. 
Aluminum strip insulation needs to 
withstand only turn-to-turn voltage, be- 
cause a single turn occupies the entire 
width of the coil. Possible insulations 
are: interleaved sheets of Mylar or 
kraft paper; coatings of varnish, lac- 
anodized 


quer, or epoxy; films; or 


LH WIRE 
CONNECTORS 


BAKELITE ¢ CERAMIC © SET SCREW 


A TYPE AND SIZE FOR EVERY NEED 


300, 600 or 1000 VOLTS... 


YOU'LL 
FIND IT 


"Hi" HAS 'EM! 


Fully approved by Underwriters’ Laboratories, Inc. and 
the Canadian Standards Association. MILLIONS IN USE! 





“RO Hy 


BAKELITE 
“*SCREW-ON" "SET SCREW’ ‘'SCREW-ON" 


MAIL TODAY FOR 1959 "'Hi'’ CATALOG 


SEND FOR 
FREE 
SAMPLES 


SPECIFY TYPE AND 4 NAME 


BAKELITE 








CERAMIC 


ALL HERE 


vitreous enamel. Successful joining of 
strips of different or multiple thick- 
nesses may be accomplished with ultra- 
sonic welding, high temperature solder- 
ing, shielded inert arc welding, cold 
pressure welding, resistance welding, 
or mechanical joining. Aluminum Com- 
pany of America, 1501 Alcoa Bldg., 
Pittsburgh 19, Pa. ~>524 


MULTI-DRIVE MOTOREDUCER 


Speed reduction ratios of as much as 
100:1 are available with the Multi- 
Drive Motoreducer package which con- 
sists of a primary a-c motor and a 
Motoreducer connected by a d-c clutch 


and using a common drive shaft, The 
primary motor provides the high-speed 
output, the Motoreducer the low-speed 
output. Typical applications are cranes, 
hoists, conveyors, etc., where operating 
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STAR 


p> If you are looking for new ways and means to im- 
prove your product, and save money too, here’s an idea 
source guaranteed to spark your imagination and give 
you a wealth of hints, tips, and suggestions. 

This 20-page fact-filled STAR catalog contains com- 


plete descriptive and engineering data on the full line 
of STAR Ceramics. A big selection chart, complete with 





WIRE COMBINATIONS 1 
1 FIRM 





mechanical and electrical properties, makes the job of 
selecting the right STAR material for your product a 


cinch. Like a free copy? Write today for Catalog 57. 





STATE 





HOLUB INDUSTRIES, Inc. 


445 ELM ST., SYCAMORE, ILL. 
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” ‘STA Fr porcelain company 


41 Muirhead Avenue, Trenton 9, N.J. 
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with new 
free-aligning 


*PATENT APPLIED FOR 


Bas = i a A ate 


i S announces a new, improved 

“pc @, shaded pole motor featuring 

INEW Free-aligning Universal Bearing that 

es fractional hp motor bearing problems due 

to misalignment. With the axis of support in the center rather than at the end, and utilizing 

only the shaft itself for alignment, the new bearing is inherently in balance and can adjust 

to any shaft misalignment 100% of the time under any load conditions. The new bearing 

assembly provides longer bearing life, better lubrication . .. makes the Type 118 an easier 

starting motor that runs without a whisper of sound. More rugged and precision built from 

highest quality materials, the Type 118 is ideal for an unlimited number of applications 

that require maximum dependability with a minimum of maintenance, including kitchen 

ventilators, tape recorders, unit heaters, refrigeration equipment, window fans, record 
players, pump units, etc. 


Write for complete information on the UNIVERSAL ELECTRIC Type 118 
fractional H.P. motor and the new free-aligning Universal Bearing. 


UNIVERSAL ELECTRIC COMPANY 


PRECISION ELECTRIC MOTORS 


EXECUTIVE AND GENERAL SALES OFFICES: OWOSSO, MICHIGAN, DEPT. 14 
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MINIATURE TUBULAR 

TERMINALS—Save time and 
labor in printed circuit 
assembly. Snap in 
instantly and hold firmly 
until permanently soldered. 


RECEPTACLES AND 

CONNECTORS—Fit quickly 
and firmly. For use with 
Malco Tubular Terminals 
and for similar quick 
connect and disconnect 
applications. 


WRAP-A-WIRE 

TERMINALS—Quickly 
inserted. Exclusive staked 
clinch-type feature locks 
terminal firmly until 
permanently soldered. 


SOLDER LUGS AND 
INTERLOCK CONNECTORS— 
Especially designed for 
production line assembly 

operations. Interlocks 

are ideal for interlocking 
printed circuits or 
flybacks, as speaker lead 
connectors or as 
transformer mounting lugs. 


SPECIAL TERMINALS AND 
CONTACTS—Malco Tool and 
Manufacturing Company 
has complete facilities 
to furnish practically any 
design or construction to fit 
individual requirements. 


MALCOMATIC* MACHINES 
—Designed for high 
volume production, these 
machines automatically 
insert, crimp or stake. 
They pay for themselves 
in time and labor costs, 
greatly speed assembly. 

*Request Bulletin 581. Send 
b/p or specs and annual 
requirements for quote. 


*Registered Trade Name 


4021 WEST LAKE STREET CHICAGO 24, ILLINOIS 








we 
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cycles vary from inching movements 
to fast operating speeds. Ratings from 
14 through 40 hp. Reuland Electric Co., 
3001 West Mission Rd., Alhambra, 
Calif. >525 


SOLDERLESS CONNECTOR 
FOR COAXIAL CABLE 


Crimpee CR-8-UF solderless 50-ohm 
uhf connector for RG-8-U coaxial cable, 
of unique construction, assures 360 deg 


5 


FERRULE NuT HOUSING 














contact with cable braid and high 
mechanical strength. The insulator is 
Teflon and the connector is compatible 
with existing uhf connectors. Edlen 
Inc., 8105 Woodmont Ave., Bethesda 
14, Md. >526 


NUMERICAL CONTROLLER 


Model 5800 Series counter-controllers 
employing miniature magnetic ampli- 
fiers for industrial control applications 
such as coil winding, cutting to length, 
making up batches of items, metal 
forming, and testing or sorting with 
regard to some physical characteristic, 
will count a total of 100,000 events at 


a max rate of 5000 per sec. Sturdy 
solid-state transducers supply input in- 
formation. Front-panel switches select 
one or two count totals at which out- 
put signals occur. Outputs are relay 
contact closures rated at 5 amp. 

The instrument is protected by a 
dust-tight housing built to accommo- 
date standard conduit connections and 
circuits are designed to operate with- 
in wide variations in electrical para- 
meters such as line voltage. Berkeley 
Div., Beckman Instruments, Inc., 2200 
Wright Ave., Richmond, Calif. ->527 


(Continued on page 252) 
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1649 TIMERS 


that SOLVED special contro! problems. 


® How this engineering experience 
can help you 


The small Time Delay Timer represents 
one of the simplest motor driven timers 
we manufacture. It is a reliable standard 
fixed time delay type. 


Industrial Timer also manufactures this Punched Tape Program- 
mer which controls 85 individual load circuits through an unlimited 
number of steps. No coding or elaborate memory systems are re- 
quired, making possible direct control from Programmer to process. 


Between these two extremes we list 1688 different timers, of which 
39 are standard types and 1649 are “specials” developed to solve 
difficult control problems. 


Most timing problems have their own unique characteristics. 
However, it very often happens that a control problem is quickly 
solved by one of these 1649 already developed special timers. If 
not, we have the staff, the experience (20 years) and what’s 
more important, the desire to design and deliver the timer 
that fills your needs 100%. Send us your specifications. 





COMPLETE NEW TECHNICAL BULLETINS NOW READY 
Ask for complete catalog or individual bulletins by number 


LywcuRON US 
MOTOR DRIVEN 


ae 
men 


No, 100 Card & Tape No. 200 Motor Driven No. 201 Muilti-Cam 


compete Coleg Programmers Cam Timers Timer Kit 


Timing Controls 


No, 300 Motor Driven No. 400 Motor Driven No. 500 Motor Driven No. 700 Time Meters & No. 800 Explosion Proof 
Time Delay Timers Interval Timers Recycling Timers Time Totalizers Timing Controls 


AFFILIATE—LINE ELECTRIC COMPANY 


ae, phy el (4) INDUSTRIAL TIMER CORPORATION 


the Pulse Beat of Industry 1411 McCARTER HIGHWAY, NEWARK 4,N. J 
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of the : 
leading 
instrument 
manufacturers 


Why the heavy preference for Holtzer-Cabot motors? In a word— 
reliability! For they’ve proven themselves again and again in the most 
critical applications, dependability being a prime consideration in 
process control instruments, medical instruments and communication 
equipment. Shipments from stock on standard motors. Prompt delivery 
on special motors to your specifications. 

R-24— Instrument Control Motors. Typical uses of this 2-phase induc- 
tion motor are in servo systems, as the balancing motor in recording 
instruments, and in other applications requiring fast response and control. 
R- 25—Synchronous and Induction Capacitor Motors. Used in timing, 
recording, dictating, transcribing and small power applications. Available 
with standard speeds from 14 to 3600 R.P.M. Special designs available 
for extra high torque, extreme temperature conditions, dynamic braking 
and quick reversing. 

R-29 — Synchronous and Induction Capacitor Motors. Ideal power 
source for high speed chart drive applications and other higher torque 
applications. Available in both 2-pole and 4-pole design, with H.P. 
range of 1/75 to 1/30. 


For more information, write, Sales — Service Representatives in Principal 
or use Readers’ Service Card. Cities throughout the World 


MOTOR DIVISION 
NATIONAL PNEUMATIC CO;, INC. 


125 Amory Street, Boston, Massachusetts 


Designers and manufacturers of mechanical, pneumatic, hydraulic, 
electric and electronic equipment and systems 


Circle 245 on page 17 


LOCKING-RING 
CABLE CONNECTORS 


MH series miniature hex connectors, 
with from 4 to 10 contacts, feature a 
positive locking ring. Are designed for 


uniting cables subject to vibration, 
pulls, or other in-use stresses. U. S. 
rion sarge Inc., 454 E. 148th St., 
New York 55, N. Y. >528 


PUSH-BUTTON STATION 


Push-button station with neoprene 
housing which features waterproof, 
non-corrosive, lightweight construction 
is available in either 3- or 4-button 
models. Special grommets are supplied 
with each unit to fit several cable sizes 
and assure 100 per cent weather-tight- 
ness. Each button, generous in design 
for every location, is an integral part 


of the housing and completely encloses, 
by continuous design, precision snap- 
acting switches and protects them from 
water and weather. Specially designed 
ring-shroud protects each button from 
accidental action from any lateral di- 
rection. 

Applications include hoist and crane 
operations, suspension above heavy ma- 
chinery, and other areas where light, 
non-bulky, weather-tight pendant-type 
stations are desirable. Joy Manufactur- 
ing Co., 1201 Macklind Ave., St. Louis 
10, Mo. >529 


ELECTRONIC COUNTERS 

Electronic “Count-Paks” can be pro- 
vided with photoheads which will oper- 
ate at a distance up to 30 in. between 
light source and photocell, As with the 
smaller units, the heads can be assem- 
bled so that jarring will not knock 
them out of focus and are suitable for 
counting large, irregular-shaped objects 
on conveyors. These counters use tran- 
sistors and a glow transfer counting 
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Modified-silicone varnish 
strengthens electrical ‘““muscles”’ 
of mighty TOURNAPULL 


Actuating the giant TourNAPULL earthmovers built 
by Le Tourneau-Westinghouse puts heavy demands 
on electrical control components. They must with- Saale 
stand high temperatures created by electromagnetic ‘een ag fag Be 4 
braking of control motors which may start and stop f ft te Be 
20 times a minute. Coil windings must withstand 
constant vibration and jarring impacts. All elements M fe , 
must withstand moisture and exposure. cist € ¢ a ey 

To meet these rigorous requirements, Le Tourneau- e 
Westinghouse uses Sherwin-Williams Modified Sili- 
cone Insulating Varnish V61 V C51. Selected after 
extensive tests of other materials, this varnish pro- 
vides the high build needed for secure bonding, PLUS 
high-heat endurance, PLUS insulation values up to 
400 times greater than straight silicone materials 
under conditions of moisture! 

V61 V C51 Insulating Varnish can be air-dried or 
baked. It surpasses Class B temperature require- 
ments. . . offers cost savings in many Class H appli- 
cations. Write for Brochure IN-201 containing full 
details. The Sherwin-Williams Co., General In- 
dustrial Division, Cleveland 1, Ohio. In Canada, 
2875 Centre St., Montreal. 
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Dipping TouRNAPULL electrical control components 
in V61 V C51 Modified Silicone Varnish at Toccoa, 
Ga, plant of Le Tourneau-Westinghouse Company. 


One of the complete line of 
INSULATING 


SHERWIN-WILLIAMS materiats 
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Whatever Your Field 
ot al-leod am?) tT _ a : Vee) 


for Stampings with the Plus 


ELECTRICAL HEATING—COOLING 
ELECTRONIC ; : 
PHOTOGRAPHI } fe ry Ss tube and operate at 30,000 counts per 


min. Units can be completely enclosed 
and are designed for continuous opera- 
tion in industrial applications for high- 
speed counting and controlling of 
quantities. Veeder-Root Inc., 20 Sar- 
geant St., Hartford 2, Conn. >530 





HOOK-UP WIRE 


Extruded polyvinyl chloride hook-up 
wire to conform to MIL-W-16878 B 
(Navy) in Types B, C, and D with 
temperature rating 55 to +105 C 
continuous operation is available with 


or without nylon jackets, and with 
HARDWARE shielding and vinyl] ee Pa cna 
AUTOMOTIVE 
AIRCRAFT 











DE-STA-CO—stampings since 
1916—today THE name in 
toggie clamps 


De-Sta-Co has been recognized for over > 
25 years for its leadership in the field of are soft-tinned copper wire in Type B 
production clamping devices. Today, our wire rated at 600 volts in AWG sizes 
engineers ore creating improved and special 39 th Z } l¢ ¥ h . c a 

toggle clamps to meet your specialized 32 through 16. Type C, at 1000 volts, 
production problems in every field. Over 130 in sizes 24 through 14. Type D, at 
models, types and sizes, stocking distributors 3000 volts, in sizes 24 through 6. Colors 
everywhere. Send for catalog. Ts conform to MIL-STD 104. Spiral 
striped insulation with one or two 
tracers on a background color. Amer- 
ican Super-Temperature Wires, Inc., 


2 W. Canal St. Winooski, Vt. >531 





Our range of stamping production has made De-Sta-Co known as 
an important source from coast to coast. We’re regular suppliers 
to the most widely diverse industries—electrical, electronic, EPOXY SHEET 
photographic—refrigeration, heating and ventilating—hardware, Filmex is a tissue-thin epoxy sheet that 
automotive, aircraft. All of these require top quality—and we take => —— oe eee 
off our hats to none—but in addition to quality they want De-Sta- lb in Pte strength for sede ma- 
Co's other pluses: service, integrity, modern equipment, second terials such as glass, ceramics, or 
operation facilities, ample inventories of all common and many metals and is not affected by tempera- 
unusual materials. Our know-how is as extensive as you'll find tures up to 400 F. This translucent 
in the business and the big pluses we give you gratis! 

Next time, check with De-Sta-Co for stampings, prices and 
PLUSES! Prints, samples or detailed letter will get you fast 
results. Qualified representatives from coast to coast. Write for 
the name of the De-Sta-Co man in your area. 





De-Sta-Co is widely known for toggle clamps, stamp- 
ings, precision washers, spacers, shims, shim and 
feeler stock, blower housings and marine specialties. 


Circle 247 on page 17 


298 MIDLAND AVENUE e DETROIT 3, MICHIGAN 


ie 





Fectonic Poducts ME 


by CARBORUNDUM 


Registered Trade Mark 


“QUAIL” Contact Arc Suppression Problems 


solved with GLOBAR* 


Less publicized than its more spec- 
tacular cousins, the “Quail” decoy 
missile, shown above, nevertheless 
represents an important development 
of the missile art. It is designed for 
air launching from bombers such as 
the B-47 and B-52 and, once in flight, 
is under continuous radio control. The 
Quail is powered by a GE J-58 engine 
and is manufactured for the Air Force 
by McDonnell Aircraft of St. Louis. 

The electronic control circuits in- 
volve many relays. Contact arc 
suppression and suppression of RF in- 





Silicon carbide varistors 


terference are achieved withGLOBAR 
silicon carbide varistors. Choice of 
these components results from their 
extreme ruggedness, small size, reli- 
ability and excellent performance 
characteristics — all essential in mis- 
sile applications. 

Catalogs on types, ratings and other 
characteristics of varistors and other 
forms of silicon carbide resistors are 
obtainable by writing to Globar Plant, 


Refractories Division, Dept. EMV 89, 


The Carborundum Company, Niagara 
Falls, N. Y. 





NEW HIGH TEMPERATURE RESISTORS 
handle up to 25 watts at 1000F. with no de-rating 


Limited quantities of high temper- 
ature resistors developed by Carbo- 
rundum are now available. These 
answer a definite need in many de- 
fense and possible commercial elec- 
tronic applications. They may be well 
suited to equipment where nuclear 
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CERAMIC PARTS AND METALLIZED ASSEMBLIES 


radiation is present, since the mate- 
rials from which they are made have 
relatively low sensitivity to induced 
radio activity. 


RESISTANCE RANGE 
Watts Size Resistance Range 
0.5 "x" 0.2-2K 
10 %" xe” 0.4-4K 
2.0 14” x 1” 0.8 — 8K 
5.0 1%” x K,” (id. 0.168”) 0.1—-1.8K 
10.0 2” x .4125” (i.d. .288”) 0.2 —2.3K 
25.0 4” x 12” (i.d. He”) 0.1 — 1.1K 
Terminations are suitable for spot 
welding or brazing. Fuse clip termi- 
nations are also offered in the larger 
sizes. Write to Globar Pant, Refrac- 
tories Division, Dept. EMR 39, The 
Carborundum Company, Niagara 
Falls, N. Y. 


(ig ———_, 


GLASS-TO-METAL SEALS 


————— 


KOVAR ALLOY 
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High Purity MgO 
Swaging Tubes for 
Thermocouple Insulation 


Insulation of thermocouple wires, 
used in such equipment as gas tur- 
bines and nuclear reactors, involves 
stringing them through a tube of sin- 
tered magnesium oxide, inserting in 
a stainless steel sheath and then 
swaging. 

For correct packing of the MgO 
insulation, which is crushed in the 
swaging operation, close tolerances 
apply to diameters and location of the 
holes in the swaging tubes. MgO must 
be of high purity, particularly for 
nuclear work, 

These tubes are typical of the many 
examples of magnesia, alumina and 
zirconia insulating ware made by 
Carborundum and widely used in 
electronic components. For informa- 
tion, write Latrobe Plant, Refracto- 
ries Division, Dept. EMM 89, Carbo- 
rundum Company, Latrobe, Pa. 








NEW BOOKLET AVAILABLE 
ON GLASS-TO-METAL SEALS 


Glass-to-metal 

seals are essen- 

| tial inmany types 

of electronic 

equipment. This 

| is a complete 

| catalog of types, 

' specifications 

and applications. For your copy, 

write Latrobe Plant, Refractories 

Division, Dept. EMS 39, Carborun- 
dum Co., Latrobe, Pa. 











CERAMIC RESISTORS 


VARISTORS THERMISTORS 





BREAK THRU 


md (- Yon dal Lom \V/[o) Co) at Ore) nal olelal-1e) a Oxel—3c—y. 


Buy both 


caps and holders 
. 
Internal or 
external threads 


S44 


Inserts 
accurately machined 
and securely molded in 
plastic selected 
for the job 


“ G 
4cruas™ 


signs instead of buliding saves: 
TIME * MATERIAL + REJECTS » TEMPERS 


Makers and users of better built electric 
motors rely on Triple M as their source for 
precision molded brush caps and holders . . . 
for assembly without delay, and without a 
doubt about fit and performance. Send your 
prints or your problems to Triple M. . . 


LET'S TALK STOCK SIZE COMPONENTS! 


Micuecet ; 


AND MANUFACTURING COMPANY 


483 STOCK MOLD SIZES 


BRUSH CAPS + BRUSH HOLDERS 


COMMUTATORS + SLIP RINGS 





FOR ELECTRICAL APPLICATIONS 


123 ROTARY DRIVE e GURNEE, ILLINOIS 
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material is completely flexible and 
ranges in thickness from 0.0015 to 
0.020 in. It melts in place at 200 F, 
and cures in 40 min at 392 F. Mansol 
Ceramics Co., 140 Little St., Belleville, 
A. J. +532 


MINIATURE ANGLES 
AND T-DRIVES 


Metron angle and T-drives Series 12, 
in 1:1 ratio units for use where power 
must be transmitted at right angles in 
cramped space, may be integrally com- 


bined with any of Metron’s miniature 
speed reducers or between two or more 
speed reducers. Drives handle up to 
24 oz-in. of torque. Speeds to 10,000 
rpm are reached. Max power trans- 
mitted is 0,025 hp. Black anodized alu- 
minum cases (OD 1.062 in.) have Size 
1] servo mounts; other types of mounts 
are available. Stainless steel shafts 
(3/16 in. diam) run in double ball 
bearings and 48-pitch, 20 deg PA miter 
gears lubricated with MIL-G-3278 
grease are used. Metron Instrument 
Co., 432 Lincoln Street, Denver 3, 
Colo. ->533 


CERAMIC ACTIVATING 
ELEMENT 

Magnetostrictive ferrite 7A features 
high electro-acoustic efficiency and 
ability to generate useful cavitation 
over long periods with a min of self- 
cavitation. It maintains high piezomag- 
netic activity in ambient temperatures 
as high as 400 C and is particularly 
applicable as an activating element in 
electro-acoustic power transducers and 
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BACKGROUND 


OF QUALITY 



































...and the quality starts in the foreground! 

For when it comes to Roebling Magnet 
Wire, quality means—unsurpassed ingredi- 
ents of consistent excellence...wire-making 
skill based on decades of experience ...and 
exacting testing and inspection. 

You pay no more for Roebling Magnet 
Wire—you get more in terms of satisfying 
performance. And you choose the pac kaging 
that will give you utmost efficiency and 





economy. Write today to Electrical 
= Wire Division, John A. Roebling 

Sons Corporation, Trenton 2, 

New Jersey. for information about 


of Roebling Magnet Wire 


exactly suited to your applications. 


types and sizes 


ROEBLING 4 


Branch Offices in Principal Cities ™, 
Subsidiary of The Colorado Fuel and Iron Corporation 


in applications involving the use of 
nonconductive and conductive detergent 
or solvent systems, including strong 
alkalis and salt solutions, but excluding 
strong acids. 

Available in square tube and I-bar 
shapes for frequencies from 20 to 40 
ke. Ferroxcube Corp. of America, 50 
E. Bridge St., Saugerties, N. Y. >534 


EPOXY PAPER LAMINATE 

Self-extinguishing epoxy paper lami- 
nate Grade 11574 is especially suited 
for high-reliability electronic applica- 
tions, including printed circuits, and 
has an insulation resistance of 1 mil- 
lion megohms in humidity, flexural and 
impact strengths of twice NEMA 
XXXP standards, a punchability that 
exceeds the best cold-punch XXXP 
grade. Will not support combustion 
and has approx | sec flameout time in 
UL vertical flame test. Laminated Prod- 
ucts Dept., General Electric Co., Co- 
shocton, Ohio. >535 


ONE-PIECE REUSABLE 
LOCKNUT 

Simplified one-piece reusable prevail- 
ng-torque locknut obtains its locking 
characteristics by accurately preform- 
ing the threads in the locking section. 


HAGEN HAND SET 
time delay relay 


controls 
1 to 10 
circuits 


in sequence 


Three sectors of the tapered portion of 
the Conelok are preformed inwardly, 
and when applied to a bolt are elas- 
tically returned to a circular configura- 
tion and create an inward and down- 
ward pressure, The shape of cone-sector 
displacement insures conformity with 
the mating bolt and maximum-friction 
contact area. The Conelok eliminates 
thread injury to the mating bolt from 
galling, material pick-up and burrs. It 
is adaptable to high as well as low- 
torque assemblies. Pre-lubricated to 
wrenching 


Machine 


permit high-speed power 


without galling. National 





Foolproof on Repeat Settings 


No danger of over-timing when 
process several times 
ing. Setting is always correct 
all subsequent run 


repeat a 


each with the same tim- 
on the first and 


A wide selection of snap-action switches is avail- 
able as well as cam combinations, The 


Hagen Hand Set Time Delay Relay 
is the answer to controlling solenoid valves in 
an industrial process, starting a group of motors 
in sequence, for pump controls, and many other 


uses, 


Send for Bulletin 580 
Write Dept. EM-359 


Model 73 


Products Co., 44225 Utica Rd., Utica, 
Mich. >536 


MINIATURE 
MULTI-CONDUCTOR CABLE 


Fused-film Teflon miniature multi-con- 
ductor cable in four-conductor No. 22 
AWG, 600-volt, has an OD of 0.139 in. 
and can be packed 56 cables to the 
sq in. Available in continuous un- 
spliced, unbroken pinhole-free lengths 
of up to 1000 ft, is made from No, 28 
AWG through No. 18 AWG in standard 
constructions of 1, 2, 3 and 4 conduc- 
tors with an overall shield and Teflon 
jacketing or any combination of Teflon 
and/or textile braids. Inso Products, 
Ltd., Union, N. J. >537 


TEFLON CAST-FILM TAPE 


Fluorolin 600 is a type of Teflon tape 
with pressure-sensitive silicone adhesive 
and superior bondability and stability 
under extreme conditions in which sub- 
micron-sized particles of Teflon are 
fused together to build up multiple film 
thicknesses from 0.00025 to 0.005. in. 
Multiple dipping process keeps the film 
free from pinholes and blemishes and 
provides high mechanical, chemical 
and electrical properties for many ap 
plications such as winding coils, bun 


pecity... 


Modular 


CONNECTORS 


’ METHODE 


For: 
Electrical Equipment, 
Appliances, 
Industrial Machines, 


Sound Systems, etc. 
Features: 


1. Multiple unit construction per- 
mits the designer to specify the 
exact number of connecting links 
desired with resultant economies | 
in space and cost | 


. The long creepage distances em- 
bodied in the modular construc 
tion permits maximum power 
applications in high density pack- 
aging requirements.. 


. Ribbon type plug blades are en 
gaged in wiping socket contacts 
and the spring characteristics of 
both members provide easy inser- 


¢ tion and withdrawal with low 
contact resistance ratings. 
. Printed circuit card receptacle 


types (as well as rack and panel 


Manufacturing Company, Inc. 
Moline, Ill. © Baraboo, Wis. 
Subsidiary of Eagle Signal Corporation 


\, ‘ 
\ j variations) available with right 
¥ j angle and in-line terminals. 
\ ETHODE 
HAGEN 4 Manufacturing Corp. 
Send for 7447 W. Wilson Ave., Chicago 31, lil. 


literature 
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Western Electric reports... 


Du Pont MYLAR’ cuts capacitor costs 


PROBLEM: Western Electric was search- 
ing for a dielectric material which, when 
used in film-foil construction, would 
lower manufacturing costs. 


SOLUTION: Du Pont ““Mylar’’* polyester 
film. According to Western Electric, the 
moisture resistance of ‘‘Mylar’’ mini- 
mized the need for costly encapsulation; 
high dielectric and physical strength in 
thin gauges helped reduce over-all size; 


capacitance stability under normal volt- 
age stress maintains long life. 


RESULTS: Capacitors insulated with 
*“Mylar”’ provide excellent performance 
for selected types of equipment pro- 
duced by Western Electric. These new 
capacitors achieve high reliability and 
long life. Materials savings have been 
realized through reductions in size and 
use of less costly encapsulation 


PROPERTIES OF “MYLAR” 


“‘Mylar”’ offers a unique combi- 
nation of properties that may help 
you improve performance and 
lower costs of your product. Here 
are two of the many important 
properties for evaluation. 


HIGH DIELECTRIC STRENGTH: Aver- 
age of 4,000 volts per mil... average 
power factor of 0.003 at 60 cycles. 


SUPERIOR CHEMICAL RESISTANCE: 
Unaffected by oils, grease, most acids 
and alkalis, moisture and solvents. 


HOW CAN “MYLAR” HELP YOU? Whether 
your product uses miniaturized capaci- 
tors or heavy-duty cables, it will pay 
you to investigate the performance bene- 
fits of ““Mylar’’. . . and products made 
with ‘““Mylar’’. Component makers find 
this tough, thin polyester film will often 
cost less on an area basis than present 
insulating materials. For more detailed 
information, send in the coupon, 


Visit the Du Pont Film Department Exhibit at the I. R. E. Show—Booth /4237-4238 


REG Us. pat OFF 


BETTER THINGS FOR BETTER LIVING, 


DU PONT 


MYLAR 


POLYESTER FILM 
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. . THROUGH CHEMISTRY 


*“MYLAR" is Du Pont's registered trademark for its brand of polyester film 


E. 1. du Pont de Nemours & Co. (Inc. 
Film Dept., Room EM-3, Nemours Bldg., Wilmington 98, Del 


Please send booklet listing properties, applications 
and types of ‘“‘Mylar”’ polyester film available. 


Application 
Name____ 
Company __ 
Address___ 
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dling wires, wrapping lead wires, in- 
sulating motor slots, generators, trans- 
formers, conductors and capacitors. 
Joclin Manufacturing Co., Wallingford, 
Conn. ->538 


RELAYS 


Line of three relays includes Model 
C. R., rated 5 amp, available up to 
4PDT; Model C. P., at 10 amp DPDT; 
and Model C. S., with a sensitive unit 


suitable for operation in the plate cir- 
cuit of vacuum tubes, going down as 
low as 50 mw. All units are available 
open or hermetically sealed. Cardinal 
Control Co., Meadow St., New Britain, 
Conn. 539 


EPOXY ADHESIVE 


Isobond 331, an internally catalyzed 
and flexibilized epoxy adhesive formula- 
tion, requires no mixing or metering 
before use, has good adhesion to most 
materials. Aluminum bonded, it has a 
shear strength exceeding 3000 psi and 


bonds to glass are so strong as to be 
beyond measurement. Volume resistivity 
exceeds 10'° ohm-cm. The bond is 
stable from —70 to +170 C and ma- 
terials with a wide range of expansion 
coefficients can be successfully bonded 
without causing thermal stresses. With 
a min shelf life of 6 months at 72 F, 
it cures rapidly at moderate tempera- 
tures: 21% hr at 250 F or 15 min at 335 
F. Isochem Resins Corp., 221 Oak St., 
Providence 9, R. L. ~>540 


FERRITE FOR MAGNETIC 
CORES 

A type of ferrite material, MN-31, has 
high initial and max permeabilities to- 
gether with high saturation magnetiza- 
tion and low losses in the 10 to 500 ke 
frequency range for use in magnetic 
cores. Developed for use at moderate 
frequencies with high inherent resistiv- 
ity, max permeability (at 2000 gauss) 
is 13,500; flux density (at 7 oersteds) 


is 4300 gauss; coercivity (H,) is 0.13 
oersted. Curie temperature is over 180 
C. Kearfott Company Inc., 1378 Main 
Ave.. Clifton, N. J. >541 


PERMANENT MAGNET 
MOTOR 


High-temperature, continuous duty, 144 
in. permanent magnet-governed motor 
Type 13R-9102-00 with gear reduction 


and filter for precise timing applica- 
tions does not deviate more than 3 per 
cent from 60 rpm with 60 oz-in. load 
and 24 to 29 volts d-c supplied under 
any combination of the following MIL- 
E-5272 environmental conditions: tem- 
perature, —55 to +122 C, procedure I; 
vibration, procedure I; shock, pro- 
cedure II; acceleration, 10 g, pro- 
cedure I or II, Also meets MIL-I-6181B 
radio noise specs. John Oster Manufac- 


— 


Faster, Safer Flux Removal — e e 
inature 


Sef 


Screws 


2 Moore will meet your requirements 
for quality, price, and delivery 


Here are miniature set screws made to the accuracy and 
quality which have built Moore’s reputation for depend- 
ability. Hardness, threads, and sizes are quality controlled 
to assure precision uniformity. 


ESPECIALLY DEVELOPED 
FOR PRINTED CIRCUITS 


Whatever your particular application or 

problem, there is a fast acting, completely safe 

Lonco Flux Remover to efficiently handle the job: 

LONCO LN-10—especially efficient for hot or cold flux residues 

where fast removal by simple dip is essential . . . completely 
non-flammable. 

LONCO MC-1136—designed for fast removal of residue on 


parts which contain decals, coding, silk screening, fungicidal 
lacquers, etc. 





LONCO HCR—for removal of hot residue by simple dip or cold 
residue by brush, yet harmless to most decals, finishes of all 
types and plastic parts. E 


LONCO 65—completely neutral, practically odorless remover 
for use on warm or hot residues immediately after soldering. 


LONCO SPECIAL REMOVERS—engineered to any application or 
problem encountered with critical printed circuit boards and 


Use Moore Miniature Set Screws . . 
assemblies, components, inks, plastics, etc. 


. a fast, dependable 
source for one or a million. Available in #0 (prices on 
application), #1, #2, #3, #4 sizes in a wide selection of 


All Lonco Removers are either non-flammable or are materials, finishes, lengths and points. 


rated as safety solvents and are in the lowest toxicity 
range. Available in 1 or 5-gallon cans or 
55-gallon drums. Request full information. 


LONDON CHEMICAL CO., INC. 


1537 N. 31st AVENUE + MELROSE PARK, ILLINOIS 
Member of Institute of Printed Circuits 
Other Lonco Products: SOLDER FLUXES « PROTECTIVE 
COATINGS * CHEMICAL SOLDER MASKS © CHEMICAL WIRE STRIPPERS 


Moore prices are right . . . send for 
detailed price catalog 


since 1880 
85 Beaver St., Waltham 54, Mass. 


. 
Lu 
WCORE George W. Moore, Inc. 


SET SCREWS 
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BROWN 
MOTORS 


... for chart drives, servos, balancing circuits 


STACK-TYPE MOTORS 

These newly designed motors have 
such maintenance saving features as: 
sectional housing . . . wick-type lu- 
brication . . . printed circuits . . . ball 
bearings . . . shock absorbers . . . 
alignment keying rings. Any major 
part replaceable in two minutes. 


~ 
(iy See? 
ae 


OIL-SEALED MOTORS 
These field-proven motors feature 
self-lubrication, have shock absorb- 


ers, are totally enclosed and oil 
sealed. 


MILITARY MOTORS 

These are oil-sealed-type motors, 
modified to comply with MIL-M- 
17059. Housing is treated as specified 
in MIL-C-5541, and leads are fungus 
resistant as per MIL-V-173. 


..- All motors are available in two phase and synchronous models 


SPECIFICATIONS (applicable to all motors described above) 


Twe Phase Induction Motor 


Synchronous 








Current Temp 
(amps.) Rise 
Loaded f 


RP.M* Pull-in 
Torque 
Minimum 


(oz.-in.) 


Power 
(Watts) 
Loaded 


Continuous 
Torque 
(oz.-in.) 


Maximum 
Starting 
Torque 
(oz.-in.) 


Gear Intermittent 
Ratie Rated Load 
(oz.-in.) 


Current 
(amp.) 
tloaded 


Power 
Watts) 
oaded 








44:1 4 10 11.5 0.11 70 10:1 12 12 24.0 0.21 100 


10:1 5 20 us OM 0 10:1 2 2 HS Ol 65 

; 90 20:1 14 12 5 OL 65 
30:1 15 60 WS (Ol 10 60 30:1 21 18 5 OL 65 
60:1 30 110 11.5 0.11 70 30 60:1 4? 36 115 0.11 65 





MINNEAPOLIS-HONEYWELL, Wayne and Windrim Aves., Phila. 44, Pa. 


Honeywell 
) Fait’ tw Coutol 
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*1 /6 less at 50 cycles 
+Field winding 11.0 watts, balance in amplifier winding 
Note: Some speeds available at 25 cycles 
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"Best Suite” for 


HIGH TEMPERATURES 


VARGLAS SILICONE 


CLASS H 
TUBING and SLEEVING 


for applications requiring prolonged heat 
endurance at temperatures up to 260°C. 


Varglas Silicone tubing and sleeving were 
developed by Varflex for applications in- 
volving continuous operating temperatures 
up to 260°C. Exceptional stability is com- 
bined with the following qualities . . 


FLEXIBILITY... sharp turns and 90° bends 
cause no cracking or peeling — no loss of 
dielectric strength. 


DIELECTRICALLY-STRONG—AIl grades conform to 
NEMA and MIL-I-3190 standards. 


MOISTURE-RESISTANT—including resistance to 
salt water, mild alkalis and acids. 


FLAME-RESISTANT — Standard burning test is 45 
seconds to burn 1 inch. Can be made self- 
extinguishing on special order. 


COLD-RESISTANT—Excellent resistance to chafing 
and abrasion, flexible to —35°C.* 


*For temperatures down to —65°C, and for 
Sage requiring extraordinary flexi- 
bility, we recommend our new Varglas 
Silicone Rubber sleeving and tubing. In- 
quiries invited. 


Send 

for 

FREE 
SAMPLES 


Mail coupon today for free folder containing 25 
different test samples of Varflex insulating sleeving, 
tubing, lead wire and tying cord. 


@ | CORPORATION ROR ER EHS BES eH Mw me 
(Seer Varvuex SAuss c0., wnc,, 309. Joy St, Rome, W.Y 
\ ey - 6 t., Rome, N.Y. 
\ ent teeg” (For Silicone Products Only) 
———— 


r 
Efeons send sme free folder containing samples of your electrical insulating tubing and 
sleeving. 


I am particularly interested in insulation for _ 


Name 

Company 

Street 

City Zone _ State 
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turing Co., Avionic Div., 1 Main St., 
Racine, Wisc. > 542 


MAGNETICALLY ACTUATED 
SWITCH 

SPST switch DC-01 is filled with hydro- 
gen and hermetically sealed in glass to 
eliminate organic compounds which 


—_———— 


might contaminate contacts. It is actu- 
ated by a 1/10 oz moving Alnico mag- 
net, will operate in any position and is 
11, in. long x 14 in. diam. Rated at 
125 volts, 1/10 amp a-e, and is avail- 
able in larger sizes and ratings to 
operate under high and low pressures 
over a temperature range of —85 to 
+350 F. Hamlin, Inc., 1316 Sherman 
Ave., Evanston, Ill. >543 





WIRE BUNDLING TIE 


Ty-Rap nylon cable tie for binding har- 
nesses, bundles or groups of wires 
makes up tightly without damage to 
wire insulation and remains secure 
without slipping or relaxing. Made with 
knurled tip pulled through a hub at end 


with a simple tool that cuts to proper 
length and locks the tie in place. 

A self-clinching type is also available, 
same as the tool-installed design with 
the exception that metal clinching teeth 
are included in hub to prevent tip from 
withdrawing or loosening. Molded of 
101 Zytel nylon, weighs 1/35 oz, can 
accommodate wire bundles from 1/16 
through 154 in. diam. Thomas & Betts 
Co., 36 Butler St., Elizabeth, New 
Jersey. >544 


POTENTIOMETER 


Model MD 20-25 potentiometer has a 
linearity as close as 0.0075 per cent 
and very high resolution. Equipped 
with wire lead connections or with ter- 
minals. The overall length is 2%6 
in. with bushing mount. Standard servo 
mounts are also available. This 25-turn 
potentiometer with a diam of 2 in. has 
a ceramic core to provide a dimension- 
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ADAPTABILITY...with 


These attachments enable you to 
wind small O.D. or space-wound coils 
automatically with one operator 


assigned to two or more machines. 


Top speeds plus efficient operation 
make the Leesona No. 107 today’s 
outstanding coil winder for long runs 
of paper-insulated coils. Optional at- 
tachments like these adapt its abilities 
to your coil-winding problems: 
Short Paper Attachment 

Gives you tight winding and greater 
coil density in round coils with mini- 
mum paper insert length of 1%”. 
Winds compact coils on arbor diam- 


” 


eters as small as 4” insuring correct 


paper overlap. 


Paper Miss Detector 

Automatically stops the machine in 
case of paper miss, on both standard 
and short paper winding operations 
leaving operator free to run two or 
more machines! 


Space Wind Attachment for 
High Voltage Coils 

Automatically winds spaced turns 
for a given width on specified layers 
by electronic control. Also auto- 
matically spaces approximately two 
turns at each end of a layer to insure 


238.8.5 


{! UNIVERSAL WINDING COMPANY 


FOR WINDING COILS IN QUANTITY ... ACCURATELY... AUTOMATICALLY 


—<z 


... USE LEESONA WINDING MACHINES 


wl 


17 
i 


. Ht} 


Leesona’ No. 107 


against crossovers at the end of the 
traverse. 

If your business involves winding 
paper-insulated coils, you need the 
high accuracy and low cost of the 
Leesona No. 107 Coil Winder. Send in 
the attached coupon now, 


Universal Winding Company 
P.O. Box 1605, Providence 1] 
Rhode Island, Dept. 133 


Please send me: 


Sulletin on the Leesona No. 107 
Coil Winders 


\ ame 


Company 


city Zone Stale 


SEE US AT BOOTH 4323 AND 4325 AT THE I.R.£E. SHOW 
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| ally stable, chemically inert and non- 


hygroscopic foundation and a single- 
piece, machined aluminum hub for 
sturdy support and accurate reference. 


for | 
é | Modified slope control delivers a highly h 
| accurate servo-controlled winding. Lit- that 
ton Industries, Inc., 215 So. Fulton 


>545 make a 


| Ave., Mount Vernon, N. Y. 
STRIP good tube 
| BERYLLIUM COPPER 
SEAMLESS TUBING a oa AT ; 
HEATERS Fine seamless tubing from beryllium G 


copper No. 25 alloy, in sizes ranging 
from 0.010 in. OD to 0.625 in. OD and 
with wall thicknesses ranging from 
0.042 in. down to 0,001 in. in the 
smaller sizes, is available for instru- 
| ments, appliances and electrical and 
| electronic components. Uniform Tubes, 
Incorporated, 1200 Level Rd., College- 
ville, Pa. >546 


VERTICAL GEARMOTORS 

Vertical gearmotors, available with | 
either flanged mounting face or with 
standard vertical extended housing, are 


supplied in double or triple reduction fawn erex 
The terminal arrangements illus- | units with Duti-Rated lifetime gearing, a 
trated are just one indication of | in ratings from 1 to 75 hp with reduc- 


Vulcan Versatility in electric strip &t &. eo 
heaters. You also have a wide choice | 


of standard seamless one-piece HIGH-SENSITIVITY BEAM POWER TUBE 
sheaths steel for sheath tempera- 


ture to 750°F, chromalloy to 1200°F; , with these Amperex EXTRAS: 
lengths 8” to 42!.” (special 
shorter or longer); wattage 150 to : ¢ extra-rigid quality control 
1500 watts (or higher); rugged non- . e extra-reliable performance 
oxidizing terminal posts. Heaters . © extra-long life 

can also be formed into circles (one © extra-rugged base construction 
or two piece) in radius of 5” or | 
more. wl e direct plug-in replacement 


\ ulcan Electric Strip Heaters are TYPICAL RF OPERATION, CLASS C 
ideal for contact heating of dies, ICAS 
platens, molds, or any item with flat Frequency 60 175 Me 
surfaces to which elements may be oe orphan sm $08 vents 
li .d: also as ai ating s eg rid No. 2 Voltage 190 voits 
cl ampe d; ulso AS ur he ating source s DC Grid No. 1 Voltage Bar» fre oy 
for ovens, air ducts, dryers, ete. Peak RF Grid No. 1 Voltage 68 volts 

Solve your hot problems with } | DC Plate Current 1 150 
Vulcan Versatility in the application / DC Grid No. 2 Current 
of electric heat. Send coupon for q i hat ll eae 
catalog and prices. , Plate Dissipation 
Power Output 
Efficiency 


y) - es \ 58 % 
ie \, F ELECTRIC 
(@) YLEAN) COMPANY Other Amperex replacement favorites: 


. a " 4 4 bs i i i ; 
Danvers, Mass. tions from 350 to 7144 rpm in dripproof, | 5894 ee ie twin tetrode; 
totally enclosed fan-cooled or explosion- | 6360 TAW oncée dizelpetion”” twin tetrode; 
VULCAN ELECTRIC COMPANY proof enclosures. Operate at normal | 6939 Miniature UHF twin tetrode; 

68 Holten Street, Danvers, Mass , ’ 9 5 W anode dissipation 
torque, on 3 or 2 phase, 60 cycle, 208, 866AX Mercury vapor rectifier 


Please send me catalog and price information on 990 / . ec * anne ‘lectric 
Vulcan Electric Heaters 220/440 or 550 volts. Lima Electric 

















Motor Co., Inc., 35 Findlay Rd., Lima, _ Im ask your distributer 
Ohio. PA ag about extra-quality 
Re Amperex 
replacement tubes 


Name & Title 
Company 
Street & No 


City & State TRANSISTOR SOCKETS 


Series 3300 combination transistor sock- 
ets for 0.016 and 0.030 in. diam pins are 














Amperex ELECTRONIC CORP. 
230 Duffy Avenue, Hicksville, L. |., N. Y¥. 
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New adjustable time delay relay 
provides wide selection of time ranges 


The new Cramer Type 471 Time 
Delay Relay provides an accurate, 
adjustable time delay between the oper- 
ation of a control circuit and the sub- 
sequent closing or opening of one or 
two load circuits. Through selection of 
external wiring connections, the unit 
offers broad application flexibility ana 
excellent accuracy at modest cost. 
Some typical uses include control of 
machine tools, batch processes, heat 
treating, automatic mixers, electronic 
devices, and signalling equipment of 
many kinds. 


Operation 


Type 471 is powered by a Cramer 
synchronous motor which drives pre- 
cision-cut timing cams through a 
clutch, from a starting point set by a 
dial knob. The cams rotate at constant 
speed to a zero point, where the load 
switch is transferred. An instant later, 
a second cam opens the motor circuit. 
The clutch stays engaged, and the unit 
does not reset until the operator either 
opens the clutch circuit for the direct- 
clutch model, or closes the clutch cir- 
cuit for the reverse-clutch model. 


The direct-clutch unit resets auto- 
matically on power interruption, and 
repeats its complete cycle when power 
is restored. The reverse-clutch unit sim- 
ply suspends operation and, when 
power returns, proceeds to complete 
the same time interval. Resetting is 
accomplished by a coil spring which 
drives the cam carriage back to a mov- 
able stop which is positioned by the dial 
knob. The stop location determines 
how quickly the cams will reach the 
switch actuation points, and so deter- 
mines the timed interval. 


FOR EXTREME ACCURACY PLUS WIDE SELECTION OF RANGES 


Type 412 performs essentially the 
same functions as Type 471, except 
that it is designed for panel mounting, 
extreme accuracy, heavier loads, and 
100% adjustability over the entire 
time range of each unit. Eleven full- 
scale time ranges are available, from 6 
seconds to 24 hours. Overall accuracy 
is within plus or minus 2 of 1% of full 
scale, exclusive of setting errors. Repeat 
accuracy is within plus or minus 4 of 
1% of full scale on 30 second and 
longer ranges, and 2 of 1% of full 
scale on faster timers. The fully en- 


TYPE 471 


Features 


TIME RANGES 15 seconds to 24 hours. 


ADJUSTMENT RANGE 90% of full scale. 


ACCURACY — within 2% of full scale. 
RESET TIME — approx. 3 second or less. 


LOAD SWITCHES — snap-acting SPDT, 10A 
125V or SA 250V AC, non-inductive. 


MOTOR & CLUTCH 115/220V, 25, 50 
and 60 cycles. Reverse clutch optional. 


GEARS case-hardened steel, for life 


in excess of a million operations. 


For details, write for your free copy of 
Bulletin PB-471. 


closed dial carries a red pointer to indi- 
cate the setting, a black pointer to 
indicate timing progress. The open 
blade SPDT load switch is rated ISA 
125V, 1OA 250V AC, and can handle 
inrush currents up to 40 amperes. A 
second load, operating within 1% of 
full-scale time following the first load, 
can be controlled from the motor 
switch itself. Internal SPST seal-in 
contacts permit operation from a | /10- 
sec. control pulse if desired. Direct or 
reverse Clutch operation is as described 


for Type 471. 


- 





TIME RANGES AND MINIMUM SETTINGS 


TIME 
RANGE 


DIAL 
DIVISIONS 


MINIMUM 
SETTING 








15 sec. 
30 sec. 
60 sec. 

5 min. 
15 min. 
30 min. 
60 min. 

2 hrs. 

5 hrs. 
12 hrs. 
24 hrs. 


Va sec. 
1 sec. 
2 sec. 
10 sec. 
30 sec. 
1 min. 
2 min 
5 min. 
15 min. 
30 min 
1 hr. 


1.5 sec. 
3 sec. 
6 sec. 

30 sec. 

1.5 min. 
3 min. 
6 mim 
12 min 

36 min. 

1% hres. 

2' hres. 





CRAMER CONTROLS 
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made in pin layout variations to accom- 
modate transistors with triangular, 
round or in-line pin configurations. In- 
| sulator body is low-loss mica-filled 
phenolic, Type MFE to meet MIL-M-14 
specification with beryllium copper con- 


magnetic alloys " : tacts, gold flashed over silver plate to 


pass salt spray test specification 


. e QQ-M-I5la. Available for mounting 
rolled to es 


with flat saddle or mounting ring. Elco 


” . ae a Corp., “M” Street below Erie Ave., 
.0001 thickness see en Philadelphia 24, Pa. >548 


VARIABLE RESISTOR 

Compact vernier variable resistor Type 
VA-45 with ball-bearing rotation is de- 
signed for fine tuning applications. 
Contact arm rotates only 1 deg for each 
13.5 deg shaft rotation. Total contact 
arm rotation is 300 deg +5 deg and 
total shaft rotation approx 4000 deg. 
Diam ™%e in., 4% to % watt, with a 


... for precise control of 
electronic systems 








Now you can obtain high magnetic permeability alloys such as 4-79 Moly Permalloy, - 
Alfenol, and HyMu “80” in cold rolled strip and foil in production quantities! The resistance range of 250 ohms through 


eS a ngs 10 megohms (linear taper) with stand- 

unique and newly expanded facilities of Precision Metals Division are geared to ard tolerance +30 per cent for 250 
produce ultra-thin metal strip and foil in any quantity and in virtually any alloy. ohms through 5 megohms and +40 pet 
| cent for 5 to 10 megohms. Voltage rat- 

Precision Metals strip and foil for development and production offer these special ing across end terminals is 500 volts 
advantages: d-c and voltage rating bushing-to- 
| terminals 1000 volts a-c for one minute 

uniform magnetic properties extremely close tolerances high pot test with 750 volts d-c operat- 


: — ing max. This composition resistor is 
thicknesses from .010” to .0001” excellent surface characteristics : . 


available in a wide variety of resistance 
dimensional uniformity | tapers and shaft specifications. Chicago 


| Telephone Supply Corp., 1142-1222 W. 


For specific requirements, Precision Metals can Beardsley Ave., Elkhart. Ind. —>549 


also furnish custom alloys to your own specifica- PaccesiOn 


tion in the form you need. Write today for fully Ntiage 


illustrated facilities booklet, EM-3 joo SES TOweee 
o | Hysol 8610 is a one-component epoxy 
| molding powder offering long storage 
| stability, low shrinkage on cure, excel- 
Fo “A 1\7 / / 7 O/V/ | lent electrical characteristics at elevated 
temperatures and good dimensional 
stability. With a heat distortion point 
WATCH COMPAW y / Precision Metals Division exceeding 150 C, it offers fast cure at 
+4 moderate temperatures coupled with 


good flow characteristics, Applications 
Lancaster, Pennsylvania include coil and resistor bobbins, shells 
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Another exclusive K&E development... 


With new PHOTACT® Polyester Films you can make 
second originals—USING ORDINARY PAPER DEVELOPER 


Available in 3 types: 

PHOTACT Polyester Film, Contact — 409 
PHOTACT Polyester Film, Direct Positive — 411 
PHOTACT Polyester Film, Projection — 419 

... all three with excellent drafting surface 
on both sides. 


Now, for the first time, you can make pho- 
tographic second originals on film without 
the fuss and bother of using special, short- 
lived, expensive developers. With new 
PHOTACT Polyester Films your regular 
paper developer does the job perfectly. 
Think what that means in terms of lower 


inventory — less cost — simpler operation. 


With these new films you get all these 
other advantages... 

... Blacker blacks, because PHOTACT film has 
a higher silver concentration than compar- 
able film. 


... Durability, wrinkle-proof — you can ac- 
tually crumple a drawing on new PHOTACT 
Polyester Film into a ball, smooth it out, 
and still make a perfect reproduction. 


...Won't yellow with age —or from re- 
peated trips through the machine. 


. ++ Quick drying because these films are vir- 
tually waterproof. 


... Faster prints due to greater transparency. 


... Better than original copy — reproducibles 
from old yellowed drawings drop out 
stains, creases — strengthen detail. 


These exceptional new films are part of a 
complete line by K&E — specialists in re- 
production films, papers and cloths. See 
them now at your K&E dealer's. Or send 
in the coupon below for free samples and 
literature. 


ee ee ee ee a oe ee 


KEUFFEL & ESSER CO. Dept. EM-3, Hoboken, N. J. 


Send me free samples and literature on new PHOTACT Polyester Films: 


Name & Title: 


0 Contact-409 


Company & Address: 





(1) Direct Positive-411 


C) Projection-419 





———— ‘e253 


in eee ce ceealliceeetieeieenanetiitenneetiensetiieseedieneestiteeenetttenmetitemesed’ tanmtienns=itemstitemsneticenes itemmetieeentiens Tite ee ee ee 
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for electrical components, relay assem- 
blies, connector plugs and switchgear. 
Houghton Laboratories, Inc., 322 
Houghton Ave., Olean, N. Y. >550 


DIFFUSED-JUNCTION 

SILICON RECTIFIERS 

Series of five silicon rectifiers has peak 
inverse voltage ratios ranging from 50 
to 600 volts and can deliver 5 amp of 
rectified current. Operating tempera- 
ture extends from —65 to +175 C, Of 
the diffused-junction type for lower 


forward drop and lower reverse leak- 
age current, these units, which feature 


with tlie sex for ee seal and welded construction 


a vacuum-tight enclosure and large 


Telilhicelimilalire 


: copper mounting stud for greater ther- 
Toswamiileliahiciilelila-maest mal conductivity, are also useful in 
eee magnetic amplifier and d-c_ blocking 

circuits. Bendix Aviation Corp., 201 
Westwood Ave., Red Bank Div., Long 
Branch, N. J. >551 


THERMAL MOTOR 
PROTECTOR 

Overload protector for fhp motors 
which trips in response to either rising 
temperature of the motor or excessive 
current draw is the MP-1620 recycling 
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SPS RELIABILITY 


A dynamic standard of predictable performance 


Larger head diameter of UNBRAKO 


PHd* socket cap screws increases 


load-carrying capacity up to 233% 





CONVENTIONAL 
SOCKET 
CAP SCREW 


COMPARISON OF UNBRAKO pHd AND CONVENTIONAL DESIGN 


Each size can now be utilized with equal reliability. The bearing stress is 
consistent from size to size in the new UNBRAKO pHd socket cap screws. 





TIGHTENING 
TORQUE 
(Ib.-in.)t 


Old 


HEAD BEARING 


LOAD TO 
SCREW) DIAMETER mn. AREA 


INDENT IN INCREASE | 


SIZE (in.) (sq. in.) CAST IRON (Ib.) > | USABLE 
|- 
| 
| 


: TRENGTH | 
Old ° 


| 
pHd | | 
375 |. 041 ~ 3,280 - | 
438 | 468. 072 | 5,760 | 54 | 
.562| .562]|. 102 8,150 _ | 
625 | .656/|. 148 | 11,800 27 
750 | .750|. 188 | 15,000 - | 
875 | .937 | . 305 | 24,400 51 | 
.432 | 34,600 94 | 

594 | 47,500 134 | 

785 | 29,100 | 62,800 116 

















*Proper Head Design—a factor in higher product reliability, {Normal recommended seating torques for unplated screws, fine threads. 


For you, pHd means sounder fastening, with resultant 
increases in product reliability at no increase in price. 
With pHd UNBRAKO socket cap screws you get stronger, 
more reliable joints; space and weight saving through use 
of smaller or fewer fasteners; greater fatigue resistance 
through application of consistently higher preloads; 
fewer fasteners working loose under vibration or shock; 
and elimination of washers under cap screw heads in 
many applications, 


‘The principal reasons for the superior performance of 
broad-bearing pHd UNBRAKO socket cap screws are 
up to 233% more load-carrying capacity than with a 
conventional cap screw and the ability to be tightened 
tighter. Because of increased bearing area, the vital 


preload that keeps screws tight and prevents fatigue 
failures is distributed over more of the bolted material. 
Indentation under high working load is eliminated. And 
pHd UNBRAKO screws have been designed for high 
tightening. In many cases the socket has been enlarged 
for better key engagement. Combined with this feature 
is the fact that all the tightening force is used to preload 
the screw, in contrast with the conventional cap screw— 
where indentation saps some or all of the tightening force. 


See your authorized SPS industrial distributor for com- 
plete details. Or write SPS—manufacturer of precision 
threaded industrial fasteners and allied products in many 
metals, including titanium. Unbrako Socket Screw Divi 
sion, STANDARD PRESSED STEEL CO., Jenkintown 9, Pa. 


Jenkintown - Pennsylvania 


Standard Pressed Steel Co. * The Cleveland Cap Screw Co. * 

Columbia Steel Equipment Co. ® National Machine Products Co. 

© WNutt-Shel Co © SPS Western © Standco Canada ltd. ° 
Unbrako Socket Screw Co., ltd 
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NYLON BOBBINS breaker for fans, disposal systems, ait 
had conditioners, refrigerators, freezers. 

pumps and similar applications. Motor 

Kedute Your Coll ; operation is restored on return to nor- 


mal temperature or current and actua- 
tion of the thermal element can be 
s precisely varied to open the circuit at 
> any indicated stage of temperature or 
a } 
A. Fi si current rise. Attaches to the surface of 
. Flange Size d a ; : 
iedesoes 24" x 3” motor housing with either a box brack- 
B. Core Size 2 3 et or clamp. Mechanical Products, 
Maximum - Inc.. 1824 River Street, Jackson, 
a Costly secondary operations Minimum 5/32 a Mi | " >552 
can be eliminated by incorp< Cc. Core Length j ichigan, 
rating economical terminal Maximum 1-1/2" 
” 
designs into the molded part Minimum 1/4 i 
Winding rejects resulting from D. Wall Thickness dk SILICONE SEALED RESISTORS 
insecure flanges are elin Maximum 093” an > as —_ 
batinal “A Minimum -025” Powerpack silicone sealed miniature 
® Cosme Myton Sebt power resistors, enclosed in a_ black 
2 +] IDoDINS lena: a - 
accurately and economically ; anodized — radiator-finned aluminum 
molded to your particular y housing, provide max heat dissipation 
specifications. Dimensional 
stability, high precision, close 
tolerance and reliable uni 
formity is assured 


@ Our engineering service 
available on request. Send 
your specs to Cosmo for 


prompt action 





SALES DIVISION OFFICES | with subpanel mounting, Available in 5, 
10, 25 and 50 watt sizes with welded 
— construction, terminal to terminal, to 
PSNI PLAS TICs >< JVTrANY | MIL-R-18546 B specifications. Insula- 


Arizona, California, Colorado, Connecticut, Illinois, Massachusetts, Michigan, Minne- 
sota, Missouri, New Jersey, Ohio, Oregon, Utah, Washington & Canada 








tion breakdown is 1000 volts a-c. Tech- 
Ohm Resistor Corp., 36-11 33rd St., 
Long Island City, N. Y. >553 


32390 WEST 14 STREET sel CLEVELAND 9 OHIO 
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GANG-TYPE 
POTENTIOMETER 


Model 319 potentiometer makes pos 
sible phasing and rephasing of in- 
dividual resistance wipers without dis- 
turbing resistance settings of adjacent 
cups, thus saving calibration and phas- 
TINNED ARMATURE BAN DING WIRE ing time. Design makes possible non- 
linear and sine-cosine functions. A 


—Stainless or Carbon Steel | high-temperature plastic is used for the 


case and stainless steel is used on the 
STAINLESS + The many superior qualities of mounts and ends. Model 319 is avail- 
PAGE Stainless Tinned Armature Banding Wire able in resistance values up to 200 k 
have made it the choice of leading motor manu- with 0.05 linearity. Power output, 2 
facturers. PAGE superior tinning facilitates solder- 7 
ing. It has high tensile strength (200,000 psi and 
up) for compactness...low permeability and high 
resistance for greatest efficiency. It is non-corro- 
sive for safety and long life. More economical than 
bronze, as smaller diameter can be used. 


CARBON STEEL + Inexpensive tinned banding wire for 
lower-priced motors. Available in three grades: A, B, and C1. 
The high strength of C1 is an advantage where light weight 
must be achieved. 


All above wires shipped on 50-tol 50-pound reels 
Wire or Write our Monessen, Pa., office for full information 


Page Steel and Wire Division AgECcO 
AMERICAN CHAIN & CABLE 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Houston, 
Los Angeles, New York, Philadelphia, Portland, Ore., 
San Francisco, Bridgeport, Conn. 


watts. Standard specs: % in. diam 
servo or panel mounts, meets all ap- 
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“ayy ” 
Unitized pole 8 prote ct contacts 


rugged steel base plate 8 


THIS IS A 
RELAY 

YOU CAN 
STAKE YOUR 
REPUTATION ON 


double-break, silver-to-silver contacts ave 


powerful iC or DC solenoids 


simple, fast, easy installation speeds assembly into your equipment 


every aspect of Ward Leonard bulletin “HR” relays is designed for maximum 
reliability... these are components you can buy, install and then forget 


Ward Leonard “HR” relays are engi- 
neered for industrial ‘and electronic 
applications requiring: ultra-long life, 
high speed, high reliability, compact- 
ness and versatility. 

Consider the powerful solenoids, just 
one of the features shown above. Every 
HR relay, AC or DC, is equipped with a 
powerful solenoid to assure fast, con- 
sistent, long-life operation so essential 
in the circuitry of any high reliability 
relay. The “E-I” laminated magnet ar- 
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mature is free-floating and self-align- 
ing to minimize noise level. DC solenoids 
feature exceptionally fast operation. 
Nylon armature guides minimize oper- 
ational friction. All AC and DC power 
plants are readily interchangeable. 

2 to 8 pole “HR” relays are but one of 
five W/L lines of industrial power re- 
lays... all designed with emphasis on 
reliability. Write for bulletin 4470. 
Ward Leonard Electric Co., 84 South 
Street, Mount Vernon, N.Y. 9.1 
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friction-free nylon parts 


molde d coils ydntiine 
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ELECTRIC COMPANY 
MOUNT VERNON, NEW YORK 


e “hurnouts 


LIVE BETTER.. E/ectrically 


Rule EE ryincored Contos Since 1892 
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layout and 
template making time 
cut in half. 


tHe New S'TRIPPIT 
FLEX-O-DRILL 


@ DRILLS, REAMS, SCRIBES, CENTER PUNCHES to = 0.002” WITHOUT base 
line drawing or height gauge layout ! 


@ EASY, ACCURATE POSITIONING — quickly set to any reference point and to 
nearest 0.100" by adjustable steel tapes reading in both 
directions from zero. Micrometric gauges then bring settings to 
nearest 0.001”. No optical scanning device needed. 

@ LastinG accuracy! Table is an actual ground surface plate. 
Bridge assembly is of heavy, accurately machined castings. Lead 
screws are precision ground and engaged only during micrometric 
gauge settings to minimize wear. All parts are corrosion- 
resistant. Bearings are protected against dust and chips by felt 
shields. Drill motor is heavy-duty industrial type. 

@ %" CAPACITY in mild steel — stock up to 24” width, any length. 


@ ALSO A PROVEN MONEY-SAVER On pilot runs, low unit production. 


Template drilled by Layout scribed by Flex-0-Drill 
Flex-O0-Drill Flex-0-Drill work piece 


WRITE FOR LITERATURE TODAY, and an actual demonstration at your plant: 


waes STRIPPIT inc. waidaii 


222 Buell Road, Akron, New York a Psiets . 


In Canada: Strippit Tool & Machine Company, Brampton, Ontario 
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plicable MIL-E-5272A and MIL-STD- 
200 requirements and complies with 
many MIL-R-19 and NAS-710 require- 
ments. Daystrom Pacific, Potentiometer 
Div., 9320 Lincoln Blvd., Los Angeles 
45, Calif. > 554 


CRT MAGNETIC SHIELDS 


Cathode ray tube shields designed to 
minimize waste space by conforming 
tightly to tube contours and to prevent 
magnetic leakage by Heliare welding 


all seams, provides simultaneous mag- 
netic and electrostatic shielding. Avail- 
able in Netic or Co-Netic materials or 
in multiple layers of both. Magnetic 
Shield Div., Perfection Mica Co., 1322 
No. Elston Ave., Chicago, III. >555 


RELAY 


Type HGS mercury-wetted contact re- 
lay is similar in construction to Types 
HG and HGP, but is faster and more 
sensitive and is biased with permanent 
magnets adjustable for single-side sta- 


ble or bi-stable operation. Operating 
speeds may be up to 200 cps or more. 
Sensitivity may be as low as +2.5 mw 
for a bi-stable adjustment; as low as 
5 mw for a single-side-stable adjust- 
ment. Contact rating is 2 amp, 500 
volts, with a limit of 100 va. C. P. 
Clare & Co., 3101 Pratt Blvd., Chicago 
45, Til. >556 


CABLE KIT 

Trial kit of Spectra-Strip cables con- 
tains new types of cable in which the 
basic idea of the flat multi-conductor, 
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ceeunee Settate in radio cabinet design is permitted 
CYANARSI xy the higher heat resistance of CymMac® 400 poly- 
~—_E p> methylstyrene plastic which will withstand canines 
service at temperatures to 212°F without distortion. 

PLASTICS IN This property, plus its ready adaptability to complex 
molding and its excellent flow and color characteris- 

ELECTRICAL DESIGN tics, was one of the reasons it was selected for the 
cabinet of the RCA Victor table radio, The Burgess, 


illustrated here. 




















New ideas in product Plastic materiale and 
design and applica- production methods 
tion of Cyanamid behind successful 
plastics. products. 





AMERICAN CYANAMID COMPANY 
PLASTICS AND RESINS DIVISION 

30 Rockefeller Piaza, New York 20, New York 
In Canada: Cyanamid of Canada Limited, Montreal and 
Toronto 
Offices in: Charlotte * Chicago * Cincinnati * Cleveland 
Dallas * Detroit * Los Angeles * Minneapolis * New 
York * Oakland © Philadelphia * St. Lovis * Seattle 





Additional advantage of Cymac is that it has 

sufficient flexibility for back cover to be secured 
World’s smallest and lightest rechargeable without fasteners: a simple snap-fit reduces 
battery cell, shown here with razor blade, cost, speeds assembly, and facilitates disassem- 
is Yardney Electric Corporation’s HRO1 bly if required. The following properties indi- 
Silvercel®. Designed primarily for use in cate CYMAC 400 is an ideal material for radio 
instrumentation and telemetering pack- cabinets and similar housing requirements: 
ages for missiles and rockets, it has a 3 
amp peak pulse discharge and weighs less 
than one-seventh ounce—thanks in great 
part to lightweight molded CyMAC SUPER* 
201 thermoplastic case and cover. 


*Trade mark 


Cemeteneeias Ser TGR, FP CREF co cascicinecsccscssctcccssccccercs: BUR 
Heat distortion temperature, °F ....... iebéctinns 
Molding shrinkage, in./in. ..........000 j veces 0046 
Specific gravity .......... 1.02 
Flexural strength (1 in .. 12,500 
Impact strength ft/Ib/in. of notch (1% x 1 in. 

notched bar, Izod Test) ..................6 30 
ROCNWEN ROPERSES soe cesessscscsccccescessesseces . 76M 
Dielectric strength, short time, Ye in. thick 

ae ea 


Another Yardney silver-zine cell is shown 

here with a silver dollar for size comparison. 

This HR1 Silvercel” delivers a 45 amp peak 

pulse discharge yet weighs only % ounce. 

CYMAC Super 201 methylstyrene-acryloni- 

trile copolymer was selected because of its: 

* Low specific gravity (1.06) 

* Exceptional combination of high tensile (11,000 psi) 
and high flexural (16,100 psi) strengths 

* Heat resistance (distortion point 211 °F) 

* Complete resistance to concentrated potassium hy 
droxide electrolyte 

* Excellent injection molding characteristics, transpar 
ence, resistance to crazing, and ease of solvent-sealing 
covers to cases. 
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D> Dive Ribbon 


PRECISION 


RESIS 





... the Complete 
Line of Fiat and 
Stack Mounting 

Wire Wound, € 

Power Resistors 


TYPE BRS SMALL 








TYPE BRM MEDIUM 


Available in Wattage Ratings 
from 10 to 75 W 

Resistance Range from .10 to 
100,000 Ohms 


These High Reliability Space-savers feature matched co- 
efficient of expansion with gray vitreous enamel covering for 
complete protection from overloads and environmental con- 
ditions. Aluminum thru-bracket improves heat 

dissipation, minimizes hot spots, allows a 

higher wattage rating per unit of space. 

Bracket construction facilitates stacking and 

saves additional space. 


For Complete Specifications and illustrated bulletin on H-H 
Blue Ribbon Resistors, call or write, today! 


Ga Lig 4” Ga Lig «” 
RHEOSTATS RESISTORS 
Complete range Fixed, adjustable, 


watts. Shock resis- 


tant construction. 
High temperature 
enamel bonding 
withstands greater 
overload. 


The Mark of Quality since 1924 


HARDWICK, HINDLE -: INC 


40 HERMON ST., NEWARK 5, NEW JERSEY 
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lead types for all 
commercial and 
military applica- 
tions. Super-rugged- 
ized for complete 
reliability. 





multi-colored construction is carried 
out in the various types, including the 
new Spectra-Flex helical coiled, re- 
tractible cable and Spectra-Twist, a 
flat ribbon of twisted pairs. Also in- 
cluded are working samples of Vyna- 
Kote liquid vinyl, and instant drying 
Spectra-Ink for vinyl wires. Spectra- 
Strip Wire & Cable Corp., P. O. Box 
415, Garden Grove, Calif. > 557 


HIGH-PRESSURE 

SOLENOID VALVE 

Solenoid valve Series V-27200, with 
Teflon sealing for pressures from 750 
up to 4500 psi, is designed for rigorous 


| missile applications and will handle 


such difficult media as cryogenic fluids, 
ethylene oxide, jet fuels, high pressure 
pneumatics, liquefied gases and hydrau- 
lic oils in temperature ranges from 


320 to +500 F. Media contacts are 
made of Teflon, stainless steel and 
electroless nickel-plated steel. Two-way, 
three-way and diverter configurations 
are available. Response is 15 millisec 


| and voltage ranges from 18 to 30 volts 
| d-c. Coil bobbin assembly is welded and 
| coil is potted in high-temperature epoxy 


resin. Valcor Engineering Corp., 5370 
Carnegie Ave., Kenilworth, N. J. >558 


MINIATURE THERMOSTAT 


Miniature thermostat is designed to 


meet stringent aircraft and missile re- 
quirements of extreme sensitivity to 
rapid temperature changes. Will con- 
trol noninductive loads up to 5 amp 
at 115 volts a-c. For d-c a condenser 
must be connected across the terminals. 

(Continued on page 276) 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 





TYPICAL SIGNAL FROM ONE OR ALL OF THESE 


CONTROLLED 


MOTOR STARTER 
ocsex RECTIBIER 


CONTROLS ANY ONE OF THESE 


STATIC CONTROL 
COMPLICATED? 


DON’T YOU BELIEVE IT! 


An engineering friend of ours work- 
ing on blast furnace controls uses a 
CONTROL switching reactor to take 
signals from a series of limit switches, 
temperature controllers, and relays to 
operate the solenoid which triggers the 
air blast motor. Dollars ahead he was 
when he saw this selective device would 
take signals from many sources, com- 
pile them, remember them, and when 
told to act (by the same standard input 
signals), leap into action. “So simple,” 
he said—‘‘nothing but the standard in- 
puts we always use, switching reactor 
and outputs. If that’s static control, 
I’m the new president of the C.S.R* 
Booster Club.” You, too, can beat the 
drum. Write for our catalog about 
Simple Static Control. 

*CONTROL Switching Reactor 


PUSH, PULL, CLICK, CLICK (or how to feed a switching reactor) 


Persons who hear push-pull-click-click sounds in indus- 
trial plants are not to be suspected of an affinity for the 
razor business. They are listening to the music of push 
buttons, limit switches and relays, all feeding signals 
into CONTROL’S switching reactors (which are en- 
gaged in static control). Our reactor is selective. As 
you dictate, it responds to control voltages which add, 


which oppose, or which work in combination, regardless 
of source. What’s more, our reactor can be fed by a 
transducer whose output is electrical—even if it doesn’t 
say “‘push, pull” or “click, click.” 

If you have an affinity for money-making musical 
sounds, perhaps you'd like to know more about these 
CONTROL switching reactors. Write us. 


CLICK, CLICK, PULL, PUSH (or how a switching reactor feeds you) 


Here is the click-click-pull-push (output) side of the 
CONTROL switching reactor. Not only is it selective as 
to source and combinations of inputs, but it is a real bear 
for working such loads as solenoids, motor contactors 
and magnetic clutches. It shines, too, as a practical way 
of operating the new solid state thyratron from a var- 
iety of input sources. A reactor can control a single load 
up to 300-VA to a fare-thee-well. Loads are statically 


switched with nary a moving part. What’s more, there 
is no auxiliary hardware (transformers, relays or single 
purpose logic units) to clutter the minds and hearts of 
your control engineers and purchasing agents. 

Sizes? A complete range, including 15, 75, 150, and 
300 VA. There's also one especially for the solid state 
thyratron. Why not write for more details about our 
CONTROL switching reactors. 


Reliability begins with CON Tee 


A DIVISION OF MAGNETICS. INC. 


VISIT OUR BOOTH 2339 AT THE IRE SHOW 


MARCH 1959 


DEPT. EM-62, BUTLER, PENNSYLVANIA 
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Don't get lost in a maze of wires! 





Cut cost of assembly by as much 
as 65%, with printed circuits on 
TAYLOR copper-clad laminates 


Conventional circuitry is a maze of wire and spa- 
ghetti. It is costly to assemble and unpredictable 
in performance. A printed circuit on TAYLOR 
rolled copper-clad laminate is a strong prefabri- 
cated part of known reliability. This quality is 
largely due to the new finish on the copper. Both 
solder and ink go on uniformly. The handling of one 
part alone can cut assembly costs as much as 65%. 
And there is an important passalong benefit: field 
repairs, when necessary, can be made easier and more economically. 
Write TaYLor Fipre Co., Norristown 37, Pa., for complete details. 


LAMINATED Seer VULCANIZED FIBRE 
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Direct metal contact between a 90-deg 
mounting bracket and thermosensitive 
element reduces the heat path with a 50 
per cent faster thermal response, with 
a temperature differential of less than 
1 deg F between —100 and +300 F. 
Additional features include strain-relief 
construction, hermetic sealing and com- 
pression glass-sealed insulated termin- 
als. Size: 1.300 x 0.594 x 0.375 in. 
George Ulanet Co., 413 Market St.. 
Newark 5, N, J. 559 


TRANSISTOR OUTPUT 
TRANSFORMERS 


High-power transistor transformers in 
driver and voice-coil types are wide 
frequency-range units for 30-20,000 cps 
service, hermetically sealed in drawn 
cases to MIL-T-27A specifications. H- 
280 driver transformer has a primary 


impedance of 200 ohms C. T. with sec- 
ondary 400 ohms split. H-281 transfor- 
mer is a 5-watt output from 48 ohms 
center-tapped to 16, 8, and 4 ohms; 
H-282 transformer is a 10-watt output 
from 20 ohms center-tapped to 16, 8, 
and 4 ohms. United Transformer Corp., 


150 Varick St., New York, N. Y. 560 


ILLUMINATED PUSH-PULL 
SWITCH 


Push-pull indicating push-button switch 
SW 957 engages momentary contact 
and gives a remote visual identifying 
signal when switch is pushed full limit. 
When pressure is released the cap re- 
mains illuminated until signal is man- 
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PUTTING MAGNETICS TO WORK 








Want a billion-position switch? 


Magnetic amplifier manufacturers turn to Orthonol® tape cores 
for precise proportioning control or switching action 


Orthonol is a switching material that can be turned all the 
way on—or part way on—with vast precision. 

The rectangular B-H loop of the 50% nickel, grain-oriented 
alloy provides an amplifier output which is linear and directly 
proportional to control (reset) current. This response is so 
linear that the amplifier acts as a valve with an infinite (at 
least a billion) number of steps from full off to full on. 

Full off and full on can be achieved with snap action, because 
the horizontal saturation characteristic of the B-H curve 
means a very low saturated impedance. Thus, when the am- 
plifier is on, it is on; when it is off, it is off. On-to-off imped- 
ance ratios of at least 1000 to 1 provide complete assurance 
of this absolute characteristic. 


Should your manufacturing facilities prevent the use of 


Orthonol in tape wound core form, you can still take ad- 
vantage of this excellent material in laminations. An 
Orthonol laminated core has characteristics almost identical 
to those in toroidal form. 

Like all Magnetics, Inc. products, Orthonol tape wound 
cores and laminations are Performance-Guaranteed. Full 
details await your inquiry. Magnetics, Inc., Dept. py-60 


Butler, Pennsylvania. 


MAGNETICS inc. 
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VISIT OUR BOOTH 2533 AT THE IRE SHOW 
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WHY Durakool Relays and Switches 
offer you reliable service . . . Longer 


Durakool products minimize wear from 
arcing and have virtually eliminated 
destructive heat rise (less than 50°C rise 
Tiked Down °%OF ambient) and corrosion. Contacts ually acknowledged by pulling out for 
ON operate under sealed in (50 p.s.i.) hydro- the “off” position. Marco Industries 
gen gas. Result: unequalled durability on Co., 207 So. Helena Street, Anaheim, 
Tilted Up = heavy or light loads as well as highly | Calif. 361 
OFF inductive, incandescent D.C. loads. The | 
Durakool steel-clad (non-breakable) mer- § THERMAL-TYPE CIRCUIT 
cury relays and switches are built for BREAKER 
continuous fast-cycling schedules. 
Timer-relay service life has increased colt Coit 
up to 6 times former models. Plunger ENERGIZED DE-ENERGIZED 
designed to stay free, making unit 
practically “fail-safe.” Tilt switches 
come in 7 sizes, 1 to 65 amperes. 
Timer relays available in any combi- 
nation of operate-release-time-delays 
from 0.15 sec. to 20 sec.—normally 
open or normally closed action. 





Klixon D6760-5 thermal-type, three- 
phase circuit breaker is designed for 
applications on aircraft and missile 
ground-support equipment where high 
voltage power is used. It is a modifica- 
tion of the basic design with greater 


For more information 
on timer-relays and switches, write: 


DURAKOOL, INC. © 
ELKHART, INDIAWA D k 
700 Weston Road, Toronto 9, Ontario ul i a 0 0 
301 Fifth Ave. So., Minneapolis, Minn. ALL STEEL MERCURY SWITCHES 
4747 Bronx Bivd., New York 70, N. Y. 
electrical clearances between phases to 
Circle 275 on page 17 eliminate the possibility of arcing on 
short-circuit interruption. Suitable for 
use on 220/440-volt a-c systems oper- 
4 4 ° ating at 60 or 400 cps. Electrical 
Better Coils begin with ratings are 5 to 60 amp. Will handle 


short circuit between 800 and 1000 amp 


PAR AFORMED PAPER TUBES at 440 volts. Metals & Controls Corp., 


Spencer Div., 3600 Forest St., Attle- 
boro, Mass. > 562 








SCOOP-MOUNTED 
MOTOR DRIVES 


‘ 








Compact “scoop-mounted” Motordrive 
designed to rigidly support a separately 
foot-mounted, standard NEMA horizon- 
tal motor has a heavy-duty cast-iron 
@ No sharp outside edges to cut wire a scoop-type platform bolted to the drive 
@ No need for wedges to tighten wire / é. frame. The motor is bolted to the 
@ Permits winding coils to closer tolerances * scoop and the motor shaft connected 
e ~ 
* 





Allows faster stacking of wound coils 
Has full rigidity and physical strength 


ANY SIZE—SQUARE OR RECTANGULAR 

PARAFORMED paper tubes simplify coil wind- 

ing operations and speed production, yet cost no 

more, In the exclusive PARAFORM method of 

tube making, no artificial heat or pressure is used 

-— Paraforming takes place at the time of spiral 

winding. Hi-Dielectric. Hi-Strength. Kraft, Fish SPIRAL WOUND 
Paper, Acetate, Red Rope or any combination Not Die Formed 
wound on automatic machines. Produced from 

stock arbors or special sizes engineered for you. 

Can also be supplied in regular or with slight bow. Write on company 

letterhead for 


PARAMOU NT PAPER TUBE CORP. amaon ust 


$ 612 LAFAYETTE STREET, FORT WAYNE 2, INDIANA of over 2000 sizes 





Manufacturers of Paper Tubing for the Electrical Industry Since 1931 
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at work for 


Weller Electric Corp., Easton, Pa., recently 
designed a revolutionary new Soldering Iron 
with built-in “Magnastat” temperature con- 
trol. Weller asked Royal to develop a power 
supply cord for it...a cord that would 
make the new Irons easier and safer to use in 
production-line soldering operations. Royal 
engineers “cordinated” all the customer's 
requirements into this unique cord 


SUPER-FLEXIBLE VINYL CORD 


Extra-fine copper stranding, plus an extra- 
flexible vinyl jacket devised in our own lab- 
oratory and compounded in our plant, pro- 
duced a new cord with flexibility matched 
only by tinsel cord. It won't kink or snag in 
use, helps reduce operator fatigue and im- 
prove production. Color is bright yellow for 
visibility and safety. Ph 
TAPERED 3-WIRE CONNECTOR Da 
with round contacts, designed to fit firmly and 
neatly into Weller Iron handle. Molded to 
cord, it is compact, streamlined... works 
well, looks good. 


ROYAL 3-WIRE MOLDED CAP 


No extra tooling cost here. Cap is molded to 
cord with stock Royal molds. Removable 
insert provides molded-in trade mark, gives 
Weller another opportunity to display its 
nationally advertised trade mark. 


Royal can help you, too; just write to have 
our sales representative call. 


ROVAL ELECTRIC CORPORATION 
PAWTUCKET, RHODE ISLAND 


In California 


Electric Cords & Supply Corp. 
413 E. 3rd Street 
Los Angeles 13 


ELECTRIC TI 
-+) @M associate of te. 
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Pilot Lights 


with Built-in Resistor [3° 


(a patented DIALCO feature ) 


and the NEW High Brightness 
Neon Glow Lamp NE-51H 


// 


J 


- TIMES 
_ BRIGHTER 


r\s 


A New Advance in Pilot 
Light Design by DIALCO: 


Three basic advantages are in- 
corporated in this series of 

DIALCO assemblies: (1) Built-in 

resistor for direct use on 125 

to 250 volt circuits...(2) New 

plastic lens designed to give 

attractive “halo” effect... 

(3) New High Brightness Neon 

Glow Lamp NE-51H. This lamp 

may be operated at about 3 NE-51H 
times the level of current 

that may be applied to the standard lamp, and it will pro- 
duce 8 times as much light—with long life! Very low 
power is required, less than 1 watt on 250 volt circuit. 
Recommended for AC service only. 


Catalog No. 
132-408-991H 


In the DIALCO assembly, the built-in current limiting 
(ballast) resistor (18,000 ohms) is completely insulated 
in moulded bakelite and sealed in metal (U.S. Patent No. 
2,421,321) ... Small space required—units are available 
for mounting in 9/16” or 11/16” clearance holes... A wide 
choice of optional features includes lens styles, shapes, 

and colors; terminal types; metal finishes, etc. ... Meet 
applicable MIL Spec and UL and CSA requirements. 


All Assemblies Are Available Complete with Lamp 


SAMPLES ON REQUEST—AT ONCE—NO CHARGE 


r DIALIGHT CORP., 44 Stewart Ave., Brooklyn 37, N. Y. 


h . 
Senile Lights (2) for NE-S1H Neon lamp () Sub-Miniatures () Oil-Tight 


Company 


| 
| 
| 
| Name . Position 
| 
| 
| 


Address 


f rer st Manu fosrels f P / / by 
( »>RP a i oe ) N 
44 STEWART AVE., BROOKLYN 37, N. Y. @ HYacinth 7-7600 
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to the constant-speed disk assembly of 
the variable-pitch Reeves drive, Avail- 
able in sizes from 1 through 10 hp; 
also up to 40 hp ratings. For specific 
applications, with splash-proof, totally 
enclosed or corrosion-proof enclosures. 
Reeves Pulley Company Div., Reliance 
Electric and Engineering Co., 1225 
Seventh St., Columbus, Ind. > 563 


FLAT BONDED CABLE 

Different wire si es can be combined 
in “Codastrip” flat-bonded cable. Fea- 
tures are its ready color code, the flex- 
ible use afforded by its strip character- 


istics, and its convenient shape 

space-saving, as in certain wiring har- 
ness applications where it can be used 
in combinations to reduce layout and 
lacing time. Phalo Plastics Corp., 530 
Boston Turnpike, Shrewsbury, Massa- 
chusetts. >564 


MINIATURE POTENTIOMETER 


Model 550 is a 3-turn miniature pre- 
cision wire-wound potentiometer with 


to 0 at 150 C, ambient. Dale Products, 
Inc.. 1306 28th Avenue, Columbus, 
Neb. >566 


ENCAPSULATION CUPS 


Designed to fit standard cores and 
laminations, electronic encapsulation 
cups are made extra long to be cut 
down to size after encapsulation has 

ranges from 10 to 75 k ohms with a been completed. 

linearity tolerance of =+-0.3 per cent. They are made of a glass-filled dial- 

Tolerance of 0.1 per cent is also 

available. This 7%, in. diam unit features 

precision ball or sleeve bearings and 

aluminum lids for either bushing or 

servo type mounting. The body is mois- 

ture-proof laminated phenolic and as 

many as 10 extra terminals can be 

added in addition to the standard ter- 

minals. Can also be furnished with non- 

linear functions. Spectrol Electronics 

Corp., 1704 S. Del Mar St., San Gab- 


a” an ae ie 
riel, Calif. 565 lyl phthalate in light green, in light- 


weight compact units which can be 

MINIATURE RESISTOR easily machined, engraved and finished, 

with spacing allowed for terminals con- 

7 : : . venient for subsequent wiring. Elec- 

film ressstor DCH-o is housed oa tronic Production & Development, Inc., 

ceramic shell and measures %4 x 4 138 Nevada St., El Segundo, Califor- 

in. It has a resistance range from 100 a >567 
to 100 k ohms and has a standard tol- 
erance of +1 per cent. Operating tem- 


perature range is 55 to +150 C. INTEGRATING SERVO 


Rated at “4o watt up to 70 C, it derates Designed to form a part of a missile 


Hermetically sealed deposited carbon 


ELECTRICAL PORCELAIN: 


MADE BY DRY 
PROCESS METHOD 


‘WIRES MARKED 


New Jersey \/_” PERMANENTLY... 


METAL IDENTIFICATION TAGS OF 
ORCELAIN EVERY DESCRIPTION FOR MARKING CABLES, 
COMPANY LEADS, AND GROUPING WIRES .. . 


TERMINAL TAGS are ay replacing obsolete string and paper identi- 
fication methods—they mark the end of identification problems! Made 


New York Ave. and Plum St., of aluminum, steel, brass, or zinc, in a variety of styles and sizes. 
To your P.O. Box 908, Trenton 5, N.J. TERMINAL TAGS are easy to apply, and are used in the manufacture 


blueprints 
and 
specifications 
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of aircraft, radios, telephones, motors, generators, etc. They can be 
stamped or embossed to customer specification. 


FREE SAMPLES AND LITERATURE UPON REQUEST 


NATIONAL BAND & TAG CO. 


P.O. Box 9-254, NEWPORT, KY. PHONE COlonial 1-2035 
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the clutch with the most advantages... 
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Fawick SC Magnetics 


FAST RESPONSE! — Fawick Magnetics re- 
spond instantly to controls — have 
provided rates as fast as 40 cycles 
per second! They respond to limit 
switches, relays, punched tape or any 
other electric or electronic control. 


LARGE TORQUE CAPACITY — Excellent 
torque-vs.-size ratio — example, 
2100 inch-pounds running torque 


with a 5%” diameter clutch oper- 
ating dry! 


FAST HEAT DISSIPATION — Exceptional 
heat dissipation characteristics per- 
mit faster cycling under heavier 
loads over longer periods of time 
than other clutches of comparable 
size. 


“WET” OR “DRY” OPERATION-—Fawicx 
friction discs are designed for op- 
eration either in oil or dry... in 
dry operation they are not harmed 
by unintentional presence of oil. 


SUPERIOR CLUTCH FUNCTION — Con- 
sistent performance, cycle after 
cycle — plus direct relationship 
between coil voltage and torque 
capacity —— provide extreme ac- 
curacy and versatility. 


SIMPLE INSTALLATION — Fawick Mag- 
netics are supplied completely as- 
sembled — bores and keyways for 
clutch body and gear are made to 
required specifications. 


For detailed information write today for bulletin M-102. 


FAWICK AIRFLEX DIVISION 
FAWICK CORPORATION 
9919 CLINTON ROAD «+ CLEVELAND 11, OHIO 
Fawick Canada, Ltd., 60 Front St., West, Toronto, Ont., Canada 


Ga er. 


| MAGCNET/C 


v 


FAWICK MAGNETICS—WORLD'S FINEST ELECTRIC CLUTCHES 
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2L permits 5 in. bed travel and Model minals provide for fast, secure electrical 


SB-2S, 4 in. travel. Both have a 41/-in. connections, Rating is 15 amp, 125/250 
handwheel and screw adjustment with volts a-c; 4% hp 125 volts a-c, 1 hp 250 
locknuts to limit movement. Rigid guide volts a-c. Unimax Switch Div., W. L. 
rods provide positive sliding action. Maxson Corp., Ives Rd., Wallingford, 
Model SB-2L measures 71 in. wide x Conn. ->570 
17 in. long and handles 14, 34 and 1-hp 

motors. SB-2S handles up to 1/3-hp 

motors. Rampe Manufacturing Co., SPHERICAL ROLLER 

integrating system, an electro-mechan- 14915 Woodworth Ave., Cleveland, BEARINGS 


. . . . | ~_> é 
ical integrating servo with rate feed- Ohio. aad Self-aligning spherical bearings Series 


back consists of a Size 8 servomotor 22200 and 22300, in bore sizes ranging 
generator, precision potentiometer and SNAP-ACTING SWITCH from 1.5748 to 11.0236 in. with dyna- 
a high-ratio gear reducer. Instrument Snap-acting switch Type A is furnished mic load ratings up to 288,000 lb are 
Div., Thomas A. Edison Industries, with a hinged-lever actuator, as well available also in pillow blocks in bore 
McGraw-Edison Co., West Orange, as with button, overtravel plunger, leaf sizes from 1-7/16 to 10 in. Each bear- 
New Jersey. 568 ing contains the max number of the 
largest diam convex rollers, in centrif- 
ugally-cast bronze retainers, and high, 
FHP MOTOR BASES heavy inner-race shoulders, Other fea- 
Wide traverse movement can be ob- 

tained with the SB bases for fhp motors 

with variable-pitch sheaves. Model SB- 


and leaf-roller actuators for use in 
automatic devices such as washer-dryer 
units, vending machines, and other con- 
trol applications. Has a step construc- 
tion where the molded case halves meet, 
providing increased resistance to mois- 
ture and dust. Splashproof sealing can 
also be furnished. Quick-connect ter- 


fractional horsepower 


at its SEALED svbminiatwre SWITCH 


. finest ! FLEXIBLE BUSHING 
* = Type SS 


Roe M-12 or M-13 with G-12 
reducer. M-12 and M-13 
motors AC/DC Universal or = 
Shunt. 1/5 H. P. Max. G-12 


faakedie) rs geor unit 536:1 Max. and 
100 in. Ibs. Max. M-13 has 
ball bearings. 


A flexible bushing compressed around 
the pin actuator combines with bonding 
of the case halves to provide a splash 

proof, dust-proof, explosion-proof (MIL 
choice of leading manufacturers E-5272) switch with improved reliability. 
ideal for use in miniaturized electronic 


Don’t gamble with the success and electrical apparatus. Type SS 


of your product! By careful 
analysis and testing together 
with RAE engineers you can 
assure the right motor for 
your needs. 

RAE offers outstanding serv- 
ice and quality in a large 


AC/DC Universal 


DC Shunt Wound ; B : : 
. tl dimensions meet MS-25085-1. 
DC Series Wound Mounting and outline di i 


DC Compound Wound e Fursienes with pin, toot, or leaf-relier octusters. 

Gear Reduction Motors @ Furnished with auxiliary actuating devices. 
Governor Controlled Motors @ Electrical rating: 5 amp. 125, — a oe. - 
Motors for Rheostat Controf Underwriters’ Laboratory - 4 
variety of motors in voltages Motors for Electronic Control e ee viene 
up to 250, and up to 4% H.P. Permanent Magnet Meters and sctaating devices are furnished 
(higher for intermittent duty) Gearmotors information to your requirements. 
with many gearhead motor 

combinations. Let us show 


you how these advanced mo- 74, 

tors, now in such big demand, 

can improve your product ce “4 MOTOR CORP. N | M A xX s Ww ‘age tH 
and reduce your costs. 


Send for the “RAE" service sheet. It 200? Caveunes Sry 
» will Kelp you supply the date neces» sana cea: IVES ROAD, WALLINGFORD, CONNECTICUT 


sary for recommendations and prices. 
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IT PAYS TO 


STANDARDIZE ON STANSCREW 


Machine Bolts and Carriage Bolts Now 
Produced to Stanscrew Quality Standards 


Stanscrew presents a new line. . . carriage and hex 
machine bolts . . . now produced and stocked in a 
complete selection of more than 500 different sizes. 
Manufactured under careful quality control meth- 
ods, they meet the same standards of uniformity 
and dependability which have made other Stan- 
screw fasteners a leading choice of American in- 
dustry for over 80 years. 


These new additions bring Stanscrew’s complete 
line to over 5,000 different types and sizes of 
standard, catalogued fasteners. From this compre- 
hensive selection you can find dependable, econom- 
ical answers to the overwhelming majority of all 
your fastener needs. 


Your Stanscrew fastener specialist, available 


Avda: 


STANSCREW FASTENERS 


VouVV 


STANDARD SCREW COMPANY 
CHICAGO | THE CHICAGO SCREW COMPANY, BELLWOOD, ILLINOIS 

HMS | HARTFORD MACHINE SCREW COMPANY, HARTFORD, CONNECTICUT 
WESTERN | THE WESTERN AUTOMATIC MACHINE SCREW COMPANY, ELYRIA, OHIO 
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through your nearby Stanscrew distributor, can 
show you many ways these inexpensive standard 
items will cut your product costs ... for example, 
by replacing costly special fasteners. 


Each of the over 5,000 different Stanscrew fas- 
teners is always kept in stock at three conveniently 
located plants. This enables your Stanscrew dis- 
tributor to provide faster service . . . to be partic- 
ularly helpful in emergency situations where prompt 
delivery can mean substantial savings. 


So, whatever your fastener requirements, just 
call your nearby Stanscrew distributor. Or for 
complete information on Stanscrew’s new carriage 
and machine bolts, simply mail the coupon below. 


Standard Screw Company 
2701 Washington Blvd. 
Bellwood, Illinois 


Please forward complete information on 
(] Machine bolts [] Carriage bolts 
Name Title 
Company 
Address 
City 


17 





tures claimed for the new bearings in- 
clude: trouble-free operation at high 
speeds, low operating temperatures, 
low noise level, and center groove lubri- 


cation. Link-Belt Co., 307 N. Michigan 


Measures 134 long x 1-5/32 wide x 
1-9/16 in. high (from top of 4PDT re- 
lay) and weighs approx 3 oz. Can be 
furnished with pierced solder lugs or 
taper tabs. Potter & Brumfield, Inc.. 


Ave., Dept. PR, Prudential Plaza, Chi- Princeton, Ind, >572 


cago 1, Ill. >571 
SHORT-COIL 
TELEPHONE RELAY 


Modified version of short-coil TS tele- 
phone type relay features bifurcated 
contact arms with as many as 20 arms 
per relay (10 per stack), provides long, 
reliable operating life, permits higher 
contact loads and requires only 3/16 in. 
added to its overall length. Operates on 
100 mw per movable arm and can be 
furnished to operate on voltages up to 
110 volts d-c. It will switch up to 4 amp 
at 115 volts, 60 cycle, resistive loads. 


VIBRATING CAPACITOR 


In appearance the VC-1006/500 vibrat- 
ing capacitor, for less exacting applica- 
tions, is identical to the VC-713/500 


recently announced, except that ceramic 
insulation is used in place of fused 
quartz, resulting in a min insulation 
resistance of 10!" ohms. Cost reduction 
has been achieved by relaxing the con- 


New T&B PT66-M Sta-Kon® wire joints 


Pat. Pending 


with Sbe Through” 

insulating caps— 

the fastest, neatest, 

most permanent way to do the job! 


Easy as 1-2-3 


] Twist wires and insert into 
heavy-gauge bronze body 


* small compact size 

* brightly colored trans- 
parent cap can’t vi- 
brate loose . . . per- 
mits visual inspection 
of joint 


2 Apply staking pressure, then 
trim off excess wire. 


3 Screw on transparent plastic 
insulating cap — the job is 
done .. . and you can SEE how 
you've done it 


wide range — solid or 
stranded combinations 
up to 3-#12 AWG 
Max. 

See introductory kit $6.90 


at your distributors... 








Heres the tool to use... 
T&B’s new Sta-Kon plus Pliers 
. combines standard elec 
trician’s ‘side cutters’’ with a new 
design, wide-range installing die in 
handle for PT66-M and other A, B, and 

C series Sta-Kon connectors 











THE THOMAS & BETTS CO. -. 


INCORPORATED Uy 


28 Butler Street * Elizabeth 1, New Jersey 
Thomas & Betts Ltd., Montreal, P. Q., Canada 
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tact potential and drift specifications 
to 30 mv max and +2 mv per 24 hr 
respectively. Stevens-Arnold, Inc., 22 
Elkins St., So. Boston 27, Mass. ~—>573 


BEARING MATERIAL 


High-temperature self-lubricating bear- 
ing material composed of carbon gra- 
phite impregnated with copper and 
silver is designed primarily for applica- 
tions such as jet aircraft, ovens, hot 
conveyors, drying kilns, etc. Other 
applications include _ self-lubricating 
contacts, brushes and _positive-torque 
friction disks. 

Temperature of 750 F recommended 
as a max for continuous service and 
1000 F for intermittent periods. Tem- 


trouble-free performance in 
timing, mixing, compounding, 
processing and similar operations! 


Sound, practical design, quality components and 

precision-controlled assembly insure the long-lasting 

dependability of ZENITH Multi-Circuit Timers. 

They are specified as standard components in 

countless commercial and industrial applications, 

as well as laboratory equipment and home appliances. 
Can be supplied in practically any time cycle 

and with any number of switches. Available 

without synchronous motor for elevator 

control, limit switch, etc. 

IMMEDIATE DELIVERY IN ANY QUANTITY... 

Request bulletin. 


53 See classified telephone directory 


for name of local distributor 


ZENITH ELECTRIC CO. 
152 W. WALTON ST. 


CHICAGO 10, ILL. 
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Designed 
to give you 
Double 
Protection! 


WAGNER TYPE DP MOTORS 


c= Ter-Tial-)« 
corrosion... 


| PROTECTED 
against splashing 
liquids... 


£ 


DOUBLY PROTECTED — Air intakes and outlets are 
positioned to provide complete protection against 
dripping or splashing liquids. Rugged cast iron 
frames protect against rough handling and cor- 
rosion, 


Wagner Type DP Motors provide double protection that means longer life— 


more versatility of application. Rugged cast iron frames and endplates are 


highly resistant to corrosion. Dripproof enclosures are so well designed that 


these motors can handle many applications that formerly required splashproof 


motors. These motors pack ample power into little space, are light in weight 


and are easy to maintain. 


SLEEVE BEARING MODELS AVAILABLE. The entire line of ratings is 


available with ball bearing construction, or with steel-backed, babbitt-lined 


sleeve bearings of high load carrying capacity that provide quieter operation. 


Let a Wagner Sales Engineer show you how these motors can be applied to 
your needs. Call the nearest branch office or write for Wagner Bulletin MU-223. 


Branches and Distributors in All Principal Cities 


Wagner Electric Grporation 


6454 Plymouth Ave. «+ St. Louis 14, Missouri 


COOLING RUNNING—Specially designed baf- 
fles, which protect the stator windings, direct a 
cooling stream of air through the motor to effec- 
tively cool the motor—add to motor life. 
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CAN BE RE-LUBRICATED — Original factory 
lubrication will last for years in normal service 
—but grease plugs are provided to permit 
re-lubrication that adds years to motor life 
under severe conditions. 








peratures up to 1500 F can be tolerated 
in a non-oxidizing atmosphere. Metal- 
lized Carbon Co., 19 So. Water St., 
Ossining, N. Y. >574 


GLASS EPOXY 


PLASTIC-IMPREGNATED 
BEARINGS 


Fabric impregnated with Bakelite phen- 
olic plastic eliminates the need for 
lubrication of Ruslon bearings useful 
in automotive, aircraft, miniature instru- 


SUBMINIATURE THERMAL 
TIME-DELAY RELAYS 

Designed for high-altitude, high-vibra- 
tion, and high-temperature applica- 
tions, with a seated height of 1%e in. 
and weight of 34 oz, subminiature re- 


ments, electrical, marine, roller con- 
veyor and general machinery applica- 


. tions, 
glass filaments and featuring an un The 


BANDING TAPE 
Banding tape of unilateral non-woven 


lightweight bearings employ 
both plastic and cotton yarns woven 
into fabric and then immersed in a 
solution of phenolic resin, BLS-2680, a 
high-strength, heat-resistant form of 
plastic supplied by Union Carbide Plas- 
tics Co., Div. Union Carbide Corp. Rus- 
sell Manufacturing Co., 636 E. Main 
St., Middletown, Conn. >576 


cured epoxy resin is called “Scotchply 


lays are hermetically sealed, exhibit 
no resonance from 5 to 1,000 cps at 
10 g’s and are not damaged by 50 g 
shock. Fully compensated for tempera- 
65 to +125 C, these re- 


lays are offered in a time range from 


Banding Tape.” Ideally suited for 
banding armatures, transformers and 
other rotating or stationary electric 
where the bands can be 


applied under tension, and features 


tures from 
machinery 
1 to 300 sec and in heater voltages up 
high band strengths even after aging ‘’ j to 150 volts (interchangeable on d-c 
at 180 C; smooth surface; is unaffected or a-c) of any frequency with a power 
by moisture, grease and oil, including drain of 4 watts. Available in SPST. 
NO or NC, contacts rated at 6 amp 
at 115 volts a-c or 3 amp at 28 volts 


transformer oil, and may be machined 
for clearance when necessary. Insula 
tion and Wires Inc., P. O. Box 3349, 
St. Paul 1, Minn. >575 


d-c resistive. Standard miniature seven- 
pin plug-in or solder terminals with 


OPHAR 


-~~~-_WAXES 


~ 
~ 


~~. COMPOUNDS 


Measures water 
content better than 
1 part per 
1,000,000! 





Zophar Waxes, resins and compounds 
to impregnate, dip, seal, embed, or pot 
electronic and electrical equipment or 
components of all types, radio, tele- 
vision, etc. 


Cold flows from 100°F. to 285°F. plain 
or fungicidal. 


Useful 


MODEL W ELECTROLYTIC 
Applications: 


MOISTURE ANALYZER 


e Monitoring air drying equipment and dry boxes. 


e Measuring moisture content of transformer oils. Special waxes non-cracking at —76°F. 


Let us help you with your engineering 


e Continuous or batch analysis of moisture in a wide 
problems. 


variety of gas streams—including instrument and 
process streams and inert atmospheres. ~ rag g by by 

A. Saunders, Technical Director 

H. $ ders, Chemical Laboratories 





Available in explosion-proof and 


° ° Phone SOuth 8-0907 
non-explosion-proof constructions 


Write for complete information 
MANUFACTURERS ENGINEERING 


& EQUIPMENT CORP. 
10 Sunset Lane ® Hatboro, Pa. 


ZOPHAR MILLS, inc. 
112-130 26th Street, 
Brooklyn 32, N. Y. 
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TORRINGTON CRACKS THE NOISE PROBLEM The squeeze toward compactness in room 
air conditioners has forced the decibel level up to the point that noise is now the No. 1 problem. ¥ In 
anticipation of this trend, two years ago Torrington’s air impeller laboratories went to work on “noise.” 
I The result is the revolutionary Torrington H Wheel—one of the most important breakthroughs in air 
conditioning history. f In one room air conditioner application test the H Wheel reduced the noise level 
from 63 to 53 decibels; and it was less than one half as loud. 1 Torrington’s engineering department is 
now offering samples of the H-Series Wheel for evaluation in your new product development program. 
THE TORRINGTON MANUFACTURING COMPANY 
TORRINGTON, CONNECTICUT «VAN NUYS, CALIFORNIA ¢ OAKVILLE ONTARIO 
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New addition to Sorensen B-supply fam- 
ily features outstanding versatility. A 
voltage range of 0-300 vdc, at up to 150 ma, 
regulation within +0.15% or 0.3 volt, com- 
plete flexibility as to polarity or grounding, 
heater supplies of either 6.3 or 12.6 volts 
ac, and provisions for external sensing are 
big features of the new Sorensen Model 
300B (left). It's one of the most adaptable 
B supplies ever. Outputs of two Model 
300B’s may be connected in parallel for 
higher current or series for higher voltage 
without introducing instability or impairing 
regulation. Model 300B may also be con- 
nected to supply constant current within a 
specified range. Sorensen has B Nobatrons 
to supply almost every need of electronic 
research lab or precision equipment builder. 
They come in output voltages up to 1000- 
vdc; models have adjustable front-panel 
controls and hold their regulation over an 
astonishingly wide voltage range. Bench or 
rack-mounting models. Write for specs. 































































































New unregulated supplies offer economy, 
wide adjustment range. Unregulated, but 
highly adjustable, the new Sorensen RC- 
Nobatron Rangers, like the Model RC36-30 
(left), are exceptionally simple and rugged 
d-c supplies consisting basically of a vari- 
able autotransformer and rectifier-filter cir- 
cuit. They come in models to supply 0-36 
or 0-150 vde and each model has an auxil- 
iary a-c output of 0-130 vac. Each voltage 
range comes in two power capacities (ap- 
proximate maxima): (1) 500 watts dc and 
(2) 1 kw dc. A transformer completely iso- 
lates d-c output from a-c input and output; 
entire circuit is completely isolated from 
chassis ground. D-c output voltmeter and 
ammeter supplied. Available for bench or 
19” rack. All models: 115 vac, 60 cps. e.45 
























































See your nearest Sorensen Representative or write us for complete details on these 
new Sorensen d-c power supplies. And may we remind you that our engineers are 
always ready to consider your special power supply needs, whether this involves 
modification of an existing unit or the design of a complete power system to meet 
complex requirements. 


SORENSEN & COMPANY, INC. 


Richards Avenue, South Norwalk, Connecticut 


WIDEST LINE OF CONTROLLED-POWER 
EQUIPMENT FOR RESEARCH AND INDUSTRY 


IN EUROPE, contact Sorensen-Ardag, Zurich, Switzerland. IN WESTERN CANADA, ARVA. 
IN EASTERN CANADA, Bayly Engineering, Ltd. IN MEXICO, Electro Labs, S. A., Mexico City. 
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mounting flange optional. Dialtron 
Corp., 203 Harrison Place, Brooklyn 
87, N. Y. >577 


ADJUSTABLE-SPEED 

DRIVES 

Series of adjustable-speed drives is 
available in 17 different models rang- 
ing from %o to 34 hp. All models fea- 
ture exceptionally smooth control from 





zero to max rated speed. Conservative 
rating of silicon rectifiers and motors 
assures continuous operation at any 
speed. Entire controlled rectifier is con- 
tained in a compact enclosure designed 
for either bench use or wall mounting. 
Servo-Tek Products Co., 1086 Goffle 
Rd., Hawthorne, N. J. ->578 


SYNCHROS 


MIL-type synchros, which offer im- 
proved accuracy and _ environmental 
characteristics, higher torque gradients 


and lower nulls, are available in syn- 
chro receivers, transmitters and differ- 
entials for both torque and control sys- 
tems. BuOrd frame sizes from 08 to 23 
have been designed for 400 cps and 60 
cps applications, Synchros are manu- 
factured and tested in accordance with 
MIL-S-20708, which supersedes all pre- 
vious MIL Specs. Ketay Dept., Norden 
Div.. United Aircraft Corp., Commack, 
fe & ->579 


MINIATURE LOCKING PINS 
Groov-Pin locking drive pins 1/32 in. 
in diam and‘ from ¥% to ¥% in. long, 


ELECTRICAL MANUFACTURING 








O’CONNER 


BUSS FUSEMAN 


Cc. B. MELDRUM 


MELDRUM ELECTRIC CO, 


“When a Motor We Installed Single-Phased — Fusetron Fuses 
Saved Our Reputation and a $200 Rewind Job .. .” 


C. B. Meldrum, owner, Meldrum Electric Company, Houston, Texas 


“Recently I sent several of my men to install a 50 h. p. 
air conditioning unit for a customer. 

“It seems that my man who wired the 200 amp. switch 
failed to tighten a lug. 

“When the unit was started, it didn’t take long for 
trouble to develop. The loose connection caused one Fuse- 
tron fuse to blow. The motor started to run single phased 
but before any damage could result the other Fusetron 
fuses protecting the motor also blew and shut down the 
motor. 

“My company stands behind its work. If the motor 
would have burned up, we would have rewound it without 
question. I know this would have cost us at least $200. 


more information, write Bulletin FIS on Fusetron fuses 
for for . "* Bulletin HCS on BUSS Hi-Cap fuses. 


University at Jefferson, $t. Lovis 7, Mo. 


BUSSMANN MFG. DIVISION - McGraw-Edison Co. 


MARCH 1959 


“What is important too, our reputation was saved and 
we have a satisfied customer. If the Fusetron fuses had 
not given us an opportunity to go back and do the job 
right before the motor was damaged, we would have been 
in a ‘hot’ spot.” 

For Loads above 600 and up to 6,000 amps. 
. . . Use BUSS HI-Cap Fuses 


They have an interrupting capacity sufficient to handle 
any fault current regardless of system growth. 

They can be coordinated with Fusetron fuses on feeder 
and branch circuits to limit fault outages to circuit of 


er LINE 
\ 
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The only VOM with 
100,000 °c: SeNsmnviry 
tel og 











RUGGED 
SPRINGBACK 
JEWEL MOVEMENT 


° 


AC-DC VOLT-OHM -MICROAMMETER 


Here’s a VOM with so much capability, you'll find yourself using it 
more than any tester in the lab or shop. The 10 microampere move- 
ment handles tests other VOMs can’t touch . . . even outdoes a VTVM 
on some checks. And, because the movement in the 269 is built with 
springbacked jewels, you don’t have to baby it. Through the toughest 
service, it’s always accurate and sensitive. The 269 is handy, too. 
Being self-powered, there’s no plug-in required. You can make tests 
anywhere. A big, w-i-d-e 7-inch scale makes the 33 ranges easy to 
read and you select them merely by turning a knob. Your Electronic 
Parts Distributor will be glad to demonstrate these and other features 
like the Adjust-A-Vue handle and explain the self-shielding of its rugged 
core-type movement. Call him up about this super-sensitive VOM today. 


DC Volts: 1.6, 8, 40, 160, 400, 1600, 
4000 ... 100,000 ohms per volt. 


AC Volts: 3, 8, 40, 160, 800... 5000 
ohms per volt. 


AF Output Voltage: 3, 8, 40, 160 volts. 


center); 0-20K ohms (180 ohms center); 
0-200K ohms (1800 ohms center); 0-2 
megohms (18K ohms center); 0-20 meg- 
ohms (180K ohms center); 0-200 meg- 
ohms (1.8 megohms center). 





Volume Level in Decibels: —12 to 
+ 45.5 DB in 4 ranges. 


DC Resistance: 0-2K ohms (18 ohms 


Simpson Electric Company 
5205 W. Kinzie St., Chicago 44, Illinois 
Phone: EStebrook 9-1121 


In Canada: Bach-Simpson Ltd. 
London, Ontario 


DC Current: 0-16, 0-160 ua; 0-1.6, 
0-16, 0-160 ma; 0-1.6, 0-16a. 


Model 269 with Leads and $8900 


Operator's Manual 


A complete line = 


for every job. Kal 


Shown here is the 
world-famous 260. 
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for connecting or locking together two 
miniature parts in such fields as optical 
equipment, are made of 6150 chrome- 
vanadium or stainless steel 303 in four 
types with grooves to meet all re- 
quirements. Groov-Pin Corp., 1125 
Hendricks Causeway, Ridgefield, New 
Jersey. — 580 


VINYL GROMMETS 


Flexible vinyl grommets for low-pres- 
sure sealing applications are self-posi- 
tioning and self-sealing. Made in sizes 


to fit 44 to 4 in. pipe or 4% to 4% in. 
tubing. For temperatures from —25 to 
250 F. Snap into place without use of 
adhesives. LMR Engineering Corp., 
Clayton Post Office Box 106, St. Louis 
5, Mo. — 581 


SWITCHES WITH SIDE 
TERMINAL BOARDS 


Terminal boards are mounted on the 
sides of Daven switch units for ease 
of wiring, as illustrated by the eight- 
pole switch shown. In this unit, with 
five positions per pole with shorting- 
type action, the wiring is accomplished 


ewe 


ABRBBBD 
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NATVAR 
400 


2 iN # 


IRELAND 


dy ‘ 

pal inserted im 

HPS &ssembly operas 
WPNatvar 400 Extruded 


Jinyl Tubing protects ¢ 
leads 


A.C.E.C. manufactures” 
single and 3-phase motors 4 
up to 20 HP. A large per- 3 
centage of them are used on 
farms in Ireland for such ap-" 
plic ations as water pumps, 
milking mac hines, grain 


grinders and elevators 


Typical of these motors 
manufactured is this 3 
phase totally enclosed sur 
face cooled motor in an all 
Irish cast-iron frame, ex- 
pertly machined and dy- 
namic ally balanced to give 
smooth and vibration - free 
running. 


mt MATVAR corroration 


FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 
TELEPHONE CABLE ADDRESS 
FULTON 8-8800 NATVAR: RAHWAY, N. J. 
207 RANDOLPH AVENUE © WOODBRIDGE, NEW JERSEY 
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(Ireland) Lid. manu 
electrical apparatus in a 


m plant in Waterford, the 


on the southern coast where 
illed craftsmen have been mak 
ing the world-famous Waterford 
glass since the early nineteenth 


century. 


Since these motors and trans 
formers are used mainly in rural 
areas where servicing would be 
costly, they are built to high stand 
ards of reliability. Natvar 400 
Extruded Vinyl Tubing is used to 
protect and insulate motor and 
transformer leads because of its 
excellent electrical and physic al 
properties, particularly resistance 


to heat, oil, moisture and abrasion 


Natvar flexible electrical insula 
tions have exceptionally good 
electrical and physical properties 
You can depend on them. They are 
available throughout the free 
world, and are the same no matter 


where orw hen they are pure hased 


Natvar Products 


Varn'shed cambric—cloth and tape 
Varnished canvas and duck 
Varnished silk and special rayon 
Varnished—Silicone coated Fiberglas 
Varnished papers—rope and kraft 
Slot cell combinations, Aboglas™ 


Isoglas® sheet and tape 


lsolastane® sheet, tape, tubing and 
sleeving 


Vinyl coated—Silicone rubber coat- 
ed Fiberglas tubing and sleeving 


Extruded vinyl tubing and tape 
Styroflex® flexible polystyrene tape 
Extruded identification markers 


We will be very happy to supply informa- 
tion on any of our products on request. 





pefore the switch is fully assembled. 
Silver alloy rotors and contacts are 
used, with a knee-action rotor. These 
units can be supplied in either XXXP 
phenolic or glass-base epoxy, and meet 
MIL-S-3786 and environmental speci- 
fication MIL-E-5272. The Daven Co., 
536 W. Mt. Pleasant Ave., Route 10, 
Livingston, N. J. >582 


ELECTRONIC 
TIME-DELAY RELAYS 


Electronic time-delay relays feature a 
broad operating scope to meet military 
specifications for use in aircraft, mis- 
siles and ground support equipment 
from 60 millisec to 600 sec. Fitted with 
a 6PDT, the 5-amp relay is 2 x 2 x 3 
in. overall and weight is 15 oz. There 
are 2 basic models: TDRA 101, for 
ground support applications; and 


‘eee yah 


TDRA 201, for airborne use. Standard 
input is 28 volts d-c. Built to withstand 
severe shock and vibration and en- 
vironmental temperatures from —62 to 
+125 C, Voi-Shan Electronics, 13259 
Sherman Way, P. O. Box 3126, No. 
Hollywood, Calif. >583 


FEATHERWEIGHT NUT 


Lightweight, high-strength locknut FN 
1216 for temperature applications up to 
1200 F with a min tensile strength of 


200,000 psi at room temperature and 
over 150,000 psi at 1200 F is available 
in 4 diam sizes, including No. 10-32 
through %%-24, for structural applica- 
tions on jet engines, missiles, aircraft 
and related equipment. The annular 
threaded collar at top of nut is closed 
in at three points during manufacture 
to provide spring-tension locking action. 
The FN 1216 serves as a stop nut as 


well as a locknut. Standard Pressed 
Steel Company, Box 901, Jenkintown 
9, Pa. >584 


MINIATURE CLUTCHES 


Miniature one-way precision roller 
clutches allow drive in one direction 
and free-wheeling action in the op- 
posite direction for applications involv- 
ing near-zero backlash, selective coup- 
ling, automatic cycling, dual or mul- 
tiple drives and infinitely adjustable 
ratchets. Available in four sizes for 
installation in the user’s housing, and 
in complete clutches consisting of the 
roller and cam block assembly, housing 
and shaft, and (in some models) pre- 
cision ball bearings. Stock roller assem- 
bly sizes ranges from 0.1875 in. bore 
and 0.625 in. OD through 0.625 in. 

(Continued on page 294) 





New acastaT’ ELECTRICAL 
PORCELAIN 


AS AND WHEN YOU WANT IT 





HAS LONGER OPERATING LIFE 


The Agastat time/delay/relay has been completely re-designed, 
inside and out, to make every moving part last longer and oper- 


ate more reliably. Here are some other important advantages: 


@ Dial adjustment for ease and accuracy 

@ Five timing ranges, covering an overall range of 
from 0.08 seconds to 15 minutes 

@ Timed intervals remain the same through re- 
peated readjustments 
integral wiring diagram and calibration plate 
Measures only 4-9/16 x 2-9/16 x 2-5/8” 
All contacts are flexible contacts 
Contacts are larger for fast heat dissipation 


See the 
Agastat line 
at Booth 2244 
at the 
1.R.E. Show. 


Write for details and application engineer- 
ing assistance to Dept. A82-321 
Elastic Stop Nut Corporation 
of America 





1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in Pneumatic Timing 
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Send drawings and specifications to 


AKRON PORCELAIN CO. 


2723 CORY AVE., AKRON 14, OHIO 
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NETIC CO-NETIC 
MAGNETIC SHIELDING 


Non-Shock Sensitive, Non-Retentive, No Pe- 
riodic Annealing, Shaped to Your Application 


Permanently unaf- 

fected by shock or vi- 

bration from usage, 
drilling, cutting, 
punching, bending, 

etc. For maximum ef- 
fectiveness, all pos- 

sible joints are heli- 

are welded. Sheds 
magnetic forces like a 

duck’s back sheds 

water. Will not be- 

come magnetized. 
Permanently non-retentive — negligible residual magnetism. 
No periodic annealing required 

Provides simultaneous high and low intensity shielding as 
well as high and low frequency shielding or any one of them. 
Aids miniaturization by making possible placing components 
close together, even mounted on the shield itself. Can be 
furnished tinned, ready for soldering—without affecting shield- 
ing qualities. Available as raw material if desired for fabri- 
cating parts in your own plant. 

Typical applications include tape container shields to pro- 
tect broadcasting, military and automation tapes, cathode ray 
tube shields, photomultiplier tube shields, transformer shields, 
magnetron shielding, 7 & 9 pin tube shields, portable measuring 
chambers for simulated pressure, vacuum, altitude and non- 
pressurized testing of delicate instruments in laboratory or 
field, shields for motors, tape heads, submin. encap. uses. 


MAGNETIC SHIELD DIVISION PERFECTION MICA CO. 


1322 No. Elston Avenue * Chicago 22, Illinois 


THIN VERSATILE DUCTILE 
NETIC CO-NETIC FOIL 
Aids Miniaturization & Reliability . . . Cuts to Any 
Shape with Scissors . . . Wraps like Tape . . . Shields 
Both High & Low Frequencies at Low Intensities 


One or more layers are readily 
applied and their effects observed, 
permitting engineer to determine 
optimum location and number of 
layers needed for adequate shield- 
ing. Can be trimmed to any 
dimension or outline with ordi- 
nary scissors. Easily formed by 
hand. Dead soft; does not spring 
back into original position after 
forming. Aids miniaturization by 
reducing shielding bulk and by 
making possible crowding com- 
ponents closely together. 
15” wide Co-Netic foil is non- 
shock sensitive, non-retentive, 
does not require periodic anneal- 
ing and attenuates low level fields. When used with 19%” wide 
Netic foil, higher ratios of attenuation for relatively intense fields 
are achieved. Both foils are immediately available from stock in 
.004” thickness in continuous rolls up to any length desired. 
These versatile light weight time-saving foils open up a whole 
new shielding concept in laboratory, air borne, electronic, 
electrical and shielded room applications. Write for complete 
details today. 


MAGNETIC SHIELD DIVISION PERFECTION MICA COMPANY 
1322 No. Elston Avenue, 


Chicago 22, Illinois 
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THE EVIDENCE 
_PILES UP! 


World’s largest manufacturer of phonographs 
and record changers cuts materials costs 88%, 
by using IDEAL All-Plastic wire connectors.* 


If you need a low-cost, quick and easy method of 
joining several smaller gauge wires in a fool-proof 
connection, send in the coupon below for a FREE 
SAMPLE of IDEAL ALL-PLASTIC WIRE 
CONNECTORS. 


See for yourself, at no cost, how this phonograph 
manufacturer, and many, many other leading com- 
panies, have drastically reduced their material and 
assembly costs of making electrical connections, 


Scientifically designed, production-line proven —~ 
IDEAL All-Plastic Wire Connectors provide a 
quick, economical means of making safe, positive 
connections without abrasive damage to even the 
thinnest wire strands, Special super-smooth threads 
compress, twist and grip the wires; generous length 
and high dielectric strength plastic shell assures 
perfect insulation. Scientific knurling makes them 
easy to apply by hand or small power driver. Avail- 
able in 5 sizes (up to 1,000 volts) for all produc- 
tion needs. 


FREE SAMPLE ASSORTMENT 
LETS YOU CONVINCE YOURSELF 
*Attach the coupon below to your letter- A 
head; we'll send you complete technical 
data and a free sample assortment for 
you to test. We’ll also include the name 
pa above company, and application 
e 


IDEAL INDUSTRIES, INC. 

1008-C Park Avenue, Sycamore, Illinois 

Gentlemen: 

0.K.— Convince us! Let us try that free sample assortment of IDEAL 


All-Plastic Wire Connectors. (No obligation, of course.) 


We manufacture 


| 
i 


Company Name: 
Address: 

City: 

Zone: 

State: 


Title of Individual: 


eae ee ae ee 
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electro- 
magnetic 


miniature 


CLUTCHE 


STYle*SsmM"* 


| | Available i in 6 Standard 


* Stationary Magnet 


a 
ht liry; 


* 


Iinstallation-Proved Reliability ... 
Users’ expressed satisfaction on the long life and maintenance-free 
operation of the thousands of SM’s in use on their applications 
confirms the advantages of the heavy-duty design and construction 


features of these units. 


Wide Range of Size and Torque... 


Six Sizes (shown above) — 7%, 1%, 1136, 214, 254, 414 in. square. 
Max. Torques Range from 25 oz in. to 240 lb in. 


V check—Compare these Saving Advantages: 


Heavy-Duty Construction for 

he trouble-free life. Heavy-gauge 
frame resists distortion. Solid-type, 
low-carbon “Armco” steel armature 
for greater strength and longer 
wear. Solid, molded, fully finished 
metallic and asbestos friction ele- 
ment for longer, efficient life than a 
thin cemented facing. All wear ele- 
ments can be quickly, easily re- 
placed, if required, at low cost. 
2. Fast, Easy Installation .. . sta- 
tionary field with flange-type 
mounting. Most sizes available with 
option of extended, ball-bearing- 
mounted driven hubs for integral 
sheave or pulley mounting. 


3. Self-Adjusting. 


4. No slip-rings or brushes to in- 
stall or maintain. Furnished stan- 
dard with 12-in. to 14-in. wire leads. 
Terminal block or plug-in connec- 
tions are optional. 


5. Moisture-, Corrosion- Resistant 
. coil is embedded in an epoxy 
resin compound —not merely coated. 
All metal parts finished with a 
chromate-converted zinc plating. 


6. Fast, Positive Actuation. 


7. Assures accurate, dependable, 
power or motion control energized 
by any adequate switching device. 


For Superior Performance—Reliability... Specify Stearns! 
Contact your local Stearns Representative for complete data and 
information on how to obtain prototype units for your specific installa- 
tion. Or write direct, stating specific application information. Request 


Bulletin No. 504-BE. 


SLiarns. [4 tong -llemele)-1-10)-7 bale), 


NORTH BROADWAY 
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bore and 1.625 in. OD, Complete clutch 
dimensions range from 0.250 in. shaft 
with 0.8125 in. housing through 0.375 
shaft with 1.3125 in. housings in right- 
or left-hand drives. Miniclutch Co., 373 
Morse St., Hamden, Conn. > 585 


LARGE GEARMOTORS 

Two large-size gearmotors, said to be 
the largest standard drive units ever 
produced, are GearMotor drives J and 
H, rated up to 200 hp. Feature eflicien- 


cies of 94 to 97 per cent, depending 
upon the number of reductions incorpo- 
rated. Double, triple and quadruple re- 
ductions available in AGMA ratios 
ranging up to 440:1 with standard 
NEMA D-flanged motors and standard 
foot-mounted motors. Philadelphia Gear 
Corp., 3620 G Street, Philadelphia 34. 
Pa. >586 


PLASTICS WIRING DUCT 


Rigid vinyl wiring duct Type O fea- 
tures slots to speed installation of large 
lugged wires on control panels, switch 


gear and electronic consoles and elim- 
inates harness lacing or lug attachment 
after assembly. Holds all wires in place 
with snap-on cover, Standard sizes from 
34 x 3% in. section to 4 x 3 in. section 
and are available in standard lengths 
up to 12 ft. Taylor Electric, Inc., 15400 
Dale, Detroit 23, Mich. >587 


DIFFUSED JUNCTION DIODES 
The Varactor is a diffused-silicon p-n 
junction diode designed to be a variable 
capacitance with low loss at frequen- 
cies as high as 60 kmc. The unit com- 
plies with MIL-E-1 outline -7-1_ for 
cartridge-type crystal rectifiers. In the 
standard MA-460 series, the pin end 
of the diode is connected to p-type 
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Fabricated by CDF. Near the presses that produced the Dilecto 
laminates, these paper-base parts were machined to close tolerances 
by CDF specialists . . . quickly, accurately, economically for the 
purchasers. This is a random selection from the five grades 
described in the table below. 


CDF Dilecto 
paper-base laminates 
for the workhorse 
insulation jobs 


For everyday mechanical-electrical parts that receive 
tough punishment and must have excellent physical 
and dielectric properties at low cost, the CDF phenolic 
paper-base line is outstanding. 


Economy. CDF paper-base grades machine readily into 
intricate parts. Some are flame-retardant. Others are 
especially adaptable for punching. All are economical 
for the value delivered. 


Fabrication Facilities. CDF has excellent and extensive 
plastics-fabrication facilities for turning out finished 
Dilecto parts to your specifications better and more 
economically than you can do it yourself. Save the time 
and trouble of intricate fabrication by using CDF’s 
specialized facilities. 


See Sweet’s, Electronics Buyers’ Guide, and the other 
directories for the phone number of the CDF sales 
engineer nearest you. Or send us your print or problem 
direct, and we’ll return a recommendation of the right 
Dilecto grade for your need. 

CDF makes Di-Clad® printed-circuit laminates, Diamond® Vulcanized 
ribre, CDF products of Teflont, flexible insulating tapes, Dilecto*® lami- 


nated plastics, Celoron* molded products, Micabond*® mica products, 
Spiral Tubing, Vulcoid*. 


tDu Pont trademark for its TFE-tluorocarbon resin 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE BRainht COMPANY + NEWARK 13, DEL. 





Typical Property Values—Dilecto Paper-Base Laminates in Sheet Form 





X-13 
(NEMA X) 
ROCKWELL HARDNESS (M SCALE) 100 
TENSILE STRENGTH Iw (1000 psi.) 
FLEXURAL STRENGTH Iw (1000 psi.) 
COMPRESSIVE STRENGTH (1000 psi.) 


WATER ABSORPTION (% in 24 hrs.) 
1/16” thickness 


MAXIMUM CONTINUOUS OPERATING 
TEMPERATURE (°C.) 


DIELECTRIC STRENGTH perp. to 
lam. (VPM) 


DIELECTRIC STRENGTH parallel to 50 
lam. (Kv.) 


DISSIPATION FACTOR at 1 mc, Cond. A 0.042 
DIELECTRIC CONSTANT at 1 mc, Cond. A 


ARC-RESISTANCE (seconds) 


INSULATION RESISTANCE (megohms) 
ASTM D.-257, Fig. 3 


AIEE insulation class 





XP.13 
(NEMA P) 


XX-13 FR 
XX-13_ (Fire-retardant XXXP-28 
(NEMA XX) (NEMA XX NEMA XXXP 


95 110 90 
12 16 12 
16 17 18 

35 22 


1.4 


50 


0.038 0.034 0.038 


4.6 4.7 4.8 
4 4 10 
1,000 


1,000 600,000 
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Slide 
Rules 


were 
once 
taken 
for 
granted! 


. . » but not anymore. Not since 
ELECTRICAL MANUFACTURING pub- 
lished Ira Ritow’s two-part feature 
in the March-April 1958 issues. In the 
words of one engineer .. . “This 
material is a major contribution to 
engineering knowledge of the day!” 


Aware that too few engineers were 
using their most basic professional 
tool to its fullest advantage, the edi- 
tors of ELECTRICAL MANUFACTURING 
did something about it. They put the 
problem up to Ira Ritow, author of 
the popular “Capsule Calculus” and 
“Fundamentals of Servomechanism 
Design.”” Drawing upon his experi- 
ence in teaching college math, engi- 
neer Ritow came up with an entirely 
new technique for explaining the use 
of the slide rule in solving engineer- 
ing problems. 


Response to the published article 
was immediate. Engineers working 
on all types of projects ordered re- 
print copies* for their personal use 
or for their company training pro- 
grams. Engineering schools requested 
it for classroom use. Truly, a need 
had been recognized and filled. 


“Slide Rule Mathematics” 
cal of EM’s. specialized editorial 
approach to fundamental areas of 
design engineering. It demonstrates 
why the magazine has such dedicated 
readership among the “pro” design 
engineers in the vanguard of tech- 
nological progress, 


is typi- 


*The 20-page reprint, “Slide Rule 
Mathematics,” is available at $1.00 
per copy, postpaid. Orders accompa- 
nied by remittance should be sent to 
the attention of Reader Service De- 
partment, ELECTRICAL MANUFAC- 
TURING, 1250 Sixth Avenue, New 
York 20, N. Y. See the handy Order 
Form on page 194, 

eee ee re 
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material on the top of a small “mesa” 
and the n side of the silicon element is 
connected to the base. It is useful in 
low-noise diode amplifiers such as para- 
metric amplifiers, amplifying up-con- 
verters, harmonic generators, high-level 
modulators, frequency dividers, voltage- 
variable tuners, switches, reactive lim- 
iters, and high-speed computers. Micro- 
wave Associates, Incorporated, Burling- 


ton, Mass. ~>588 


TUBELESS PHOTOELECTRIC 
CONTROL 


Relatively high-speed photoelectric op- 
eration without tubes is provided by 


control BM1 utilizing a cadmium-cell 
sensing element with magnetic ampli- 
fier. It requires 10 ft candles min light 
with 0.04 sec min dark time and 0.04 
sec min light time. The control relay 
energizes when light is on the sensing 
element. Relay contacts are DPDT, 
silver cadmium oxide, rated 10 amp at 
115 volts a-c noninductive load. The 
housing is cast aluminum with splash- 
proof gasket seal. Power consumption 
is 5 watts. Lens diam is 11% in, Auto- 
tron, Inc., Box 722, 3629 No. Vermilion, 


Danville, Il. >589 


GEARMOTOR LINE 


Single, double and triple reduction 
units, integrally motor mounted, have 
capacities from 1 to 125 hp, with out- 
put reduction speeds from 780 to 71% 


oT 


\ 4 


r \y f.. 
4 $ 


— 
~ 


a 


SUT eS | 


Soe, 


Adapted for horizontal  foot- 
mounted applications, Gearmotors are 


rpm. 


available in standard open drip-proof 
construction for general purpose use, 
totally enclosed fan-cooled, and explo- 
sion-proof supplied in normal torque, 


Shipments of 


toledo 


commutators and 
collector 
take 


rings 
off 


fast! 


Fast delivery for one 

or a million top quality 
commutators and 
collector rings .. . is 
assured when you order 
from Toledo 

Commutator Co. 
Extensive tooling 

‘ facilities . . . top 
workmanship . . . quality 





. 





control . . . all combine 
with the finest raw 
materials to produce 
each Commutator and 


3 Collector Ring to 
‘ uniform excellence. 


Special orders, 
samples or repair 
work are turned 
out promptly. 
Call Toledo 
Commutator Co. 
for quality 
Commutators and 
Collector Rings. 








Write today ror 
Catalog #65. 








toledo 
commutator co. * 


/OWOSS0 6, MICHIGAN 
| quality products since 1895 
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IN THE UNITED STATES 
Frigidaire Div. General Motors Corp 
Philco Corporation 

General Electric Company 
Hotpoint Company 

Admiral Corporation 
Westinghouse Electric Corporation 
Whirlpool Corporation 

King Refrigerator Company 
Quicfrez, Incorporated 

Glascock Bros. Mfg. Co 

R.C.A. Whirlpool 

Ranney Refrigerator Company 

Ben Hur Manufacturing Company 
Maytag Company 

Springer Industries, Inc 


Top Refrigerator Makers Now Save 
with Spring-Lock Shelf Supports 


Gibson Refrigerator Co 

Buhl Mfg. Company 

Franklin Mfg. Co 

Acme National Refrigeration Co 
Revco, Incorporated 

Jordon Refrigerator Co 

McCray Refrigerator Co., Inc 
United Refrigerator Co., Inc 
Howard Refrigerator Co 

Norris Thermador Corporation 
Foremost Commodities Mfg. 
Sub-Zero Freezer Co., Inc 
Amana Refrigeration Inc 
Kelvinator Div.—American Motors Corp 
A. J. Lindemann & Hoverson Co 


The list is growing 


Now 47 leading refrigerator makers 
find Simmons plastic SPRING-LOCK 
the ideal shelf support. It is 

strong, attractive and low in cost. 
Installation is blind, quick, easy, 
secure, A half-turn causes the spring- 
steel legs to grip panels securely. 
Design flexibility of SPRING-LOCK 
makes it ideal for a variety of uses... 
shelf supports, cover knobs, drawer pulls 
and others. Any shape head can be 
molded in any color. Steel insert, 
around which the plastic is molded, 
provides strength-plus. Write today 
for 40-page catalog on the complete 
line of Simmons Industrial Fasteners 


Samples upon request 


IN CANADA 

Frigidaire Products of Canada, Ltd 
Canadian G. E. Co. Ltd 

Tudhope Specialties, Ltd 

Fleet Mfg. Co. Ltd. 

Taymouth Industries, Ltd 

General Stee! Wares, Ltd 

Moffats, Ltd 

Canadian Westinghouse Co. Ltd 
Canadian Admiral Corp. Ltd 

E. Roy Industries Ltd 
Defrost-O-Matic Co. Ltd 
Kelvinator of Canada Ltd 

Liquid Carbonic Canadian Corp. Ltd 


FOREIGN 

International G. E. Co. (Mexico) 

Saar Brown Boveri (Germany) 

La Casa Grande (Cuba) 

Aktiebolaget Hakanssons Industries (Sweden) 


SIMMONS FASTENERS ; K © SPRING-LOCK * ‘i eNedaces 


Simmons Fastener Corporation 1752 North Broadway Albany 1, N. Y. 
See our 8 page catalog in Sweets’ Product Design File 
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SPECIAL RESISTORS 
FOR YOUR DESIGNS 


Stab-on terminals and a square hole for 
positive-lock mounting... typical of 
the special resistors available from Gen- 
eral Electric. No matter what your 
needs, G-E resistors can be designed to 
your exact requirements. For your re- 
sistor catalog, follow reader service in- 
structions below. General Electric Co., 
Roanoke, Virginia. 784-16 


Progress /s Our Most Important Product 


GENERAL @® ELECTRIC 
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| coded electrical 


3- or Z-phase, 60 cycle, 208, 220/440 


| or 550 volts. The Lima Electric Motor 
| Co., Inc., 35 Findlay Rd., Dept. 74, 


Lima, Ohio. >590 


TOGGLE SWITCH 

Series 1500 general-purpose toggle 
switch, designed specifically for fhp 
motors, small appliances and electronic 


circuits, is small and compact, rated at 
3 amp, 250 volts and 6 amp, 125 volts 
in SPST; in two bushing lengths, with 
either wire terminals, 
solder lugs or quick-disconnect tabs, 
UL and CSA approved. Sargent Elec- 
tric Corp., 630 Merrick Road, Lyn- 
brook, N. a >591 


leads, screw 


| ANALOG-TO-DIGITAL 


ENCODER 

Series 2100 ElectroSyn encoder, a de- 
vice for converting rotary motion to a 
output suitable for 
long-distance transmission and logging, 
can be applied in any situation involv- 


ing a shaft whose rotation may be 


stopped for short intervals. Coded out- 
put is obtained by using a metal-clad 
plastic disk with read-out brushes not 
normally in contact, Closing a read-out 
switch puts the brushes in contact with 
concentric, printed-circuit tracks on the 
disk and then closes another switch to 
energize the disk and contacts. This 
rapid 
arcing between disk and brushes. Nor- 
wood Controls, 934 Washington St., 


sequence of events prevents 


Norwood, Mass. >592 | 


(Continued on page 300) 








DID 
YOU SAY 
the full line of 

WEST VIRGINIA 
PRESSBOARD 
INSULATION 
combines better 

dielectric quality 
with uniformity and 


low cost 
4 


YES, 
each of the 
three grades 
gives you a wide 
choice of thicknesses. 
No metal particles! 
100%, virgin kraft 
stock is used in all. 
They can save 
production money 
for you. 


PRESSITE .... for Air... Oil... 
Askarel Transformers. Anabsorbent, 
unsized board of 100% virgin kraft 
stock free of metallic particles. 
Excellent dielectric, physical and 
chemical properties. Thicknesses: 
031" to .250". Color: natural kraft. 


ELECTRITE . . . Harder Board for 
Variety of Punchings. A high grade 
board treated with natural rosin 
size for moisture resistance. High 
tensile strength. Punches clean. 
Thicknesses: .031" to .250". Two 
colors: brown and black. 


DENSITE... Extremely Hard Board 
... Sized or Unsized. Used by many 
manufacturers to replace more cost- 
ly types of insulation. Thicknesses: 
.031" to .125". Color: natural kraft. 


Write: Board Products Sales, 
West Virginia Pulp and Paper 
Company, 230 Park Ave., New 
York 17, N.Y. 


West Virginia 
Pulp and Paper 
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COMPANY 


NEWPORT, KENTUCKY 


(aca 
A SUBSIDIARY OF COMPA 
| a i (STEEL NY 
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NOW! A telephone type DC relay 
for industrial application 


Kellogg AK relay 


Highly sensitive: adaptable for marginal operation 
Long coil construction: permits use of high resistance coils 
Low current: operates on as little as .002 amps 


Siow operate (Type AKSO), or stow release 
(Type AKSR) models also available 


Coil Characteristics: 
operating voltage—up to 230 volts D.C. 
single or double wound 
Contact Assembly: 
single or double pile up 
forms A to E 
14 springs maximum in each pile-up 
alternative: single or double microswitch 
standard terminals also available 
Operate and Release Time: 
.002 sec. minimum operate 
.100 sec. maximum operate delay 
.400 sec. maximum release delay 


Weight: 8-12 oz. net (approx.) 


Inquiries are invited. Send for a free catalog 
on relays, components. 


HELLO CG 








Kellogg Switchboard and Supply Company, 6650 South Cicero Avenue, 


Chicago 38, Ill. Communications division of 
international Telephone and Telegraph Corporation. 


See the Kellogg—ITT Display at the IRE Show: 
BOOTHS 2510-2625. 
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and 


Engineering 
Equipment 





TRANSISTOR-MAGNETIC 
POWER SUPPLIES 


Magitran high-current regulated power 
supplies combine the characteristics of 
magnetic and transistor regulators and 
provide regulated outputs in the range 
0-36 volts a-c with current ratings up 
to 20 amp. Full automatic voltage and 


current protection against short-circuits 
or transients. Transistor dissipation is 
independent of line-voltage variations. 
Have a fast transient response, close 
regulation, low ripple content, continu- 
ously adjustable output voltage, instant 
warm-up time. Circuit features also in- 
clude compensated d-c amplifiers, sili- 
con zener references, silicon rectifiers 
and conservatively rated transistors and 
components, Four new’ models avail- 
able: Model TR36-4M (output 0-36 
volts d-c at 0-4 amp); Model TR36-8M 
(output 0-36 volts d-c at 0-8 amp): 
Model 36-12M (output 0-36 volts d-c at 
0-12 amp) and Model TR36-20M (out- 
put 0-36 volts d-c at 0-20 amp). Other 
specifications include input 100-130 
volts a-c 60 cps, line regulation within 
+0.05 per cent, load regulation less 
than 0.1 per cent, ripple 0-0.01 per 
cent or 2 mv max. Electronic Research 
Associates, Inc., 67 Factory PI.. Cedar 


Grove. N.J. >593 


PULSED OSCILLATOR 


Major feature of PG-650-C high-pow- 
ered pulsed oscillator is a Helipot 
delay potentiometer for covering three 
overlapping ranges to 200, 1100, 
11,000 ysec and a separate delayed 
trigger output for synchronizing any 
standard cathode ray oscilloscope with 
a delayed and expanded sweep when 
operating on internal trigger. A gating 
pulse coincident with the r-f output is 
available for blanking or intensifying 
purposes. Fine controls and delay time 
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PRESENTING A 


ANSPARENY 


(No Amber Tint) 
SLEEVING FOR 


MIL-1I-631C 


Grades a and b 
Applications 





Now — the many advantages of a transparent sleeving 
(without amber tint) are available in conformance 

to MIL-I-631C (Grades a and b, Class | and Il, Cat. 1) and 
AMS-3630-B. New Resinite EP-69C permits easy identification 
of color-coded wires and full readability of printed coding. 
An all-purpose material, EP-69C surpasses all MIL-I-631C 
requirements and offers these valuable properties: 


HIGH DIELECTRIC NO TACKINESS FLAME RESISTANT CORROSION RESISTANT 


900 volts /mil. (.016” wall. Slips easily over wires for 
Other wall thicknesses harness assemblies. FUNGUS RESISTANT SOFT-WOUND SPOOLING 


; Exclusive Resinite packagin 
proportionate). WIDE TEMP. RANGE 5 COLORS delivers iiemeed tees “has 


FULL SIZE RANGE -75°F to 185°F Transparent, black, flattened) sleeving. 
#20 AWG through 242” ID (- 60°C to 85°C) white, red, blue. 


Hesinite \ 


THE Borden CHEMICAL COMPANY Resinite a ae 
Plants: Santa Barbara, Calif. * No. Andover, Mass. 


Whatever your insulation 
sleeving problem, there’s an 
appropriate Resinite material. 
Call your Resinite distributor 
or write for samples and 
performance data. 


SPECIALISTS IN VINYL SLEEVING AND TUBING FOR THE AIRCRAFT, ELECTRONICS, ELECTRICAL AND PHARMACEUTICAL FIELDS 
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NOW - 48-56 Gauge Wire Coils 
built to YOUR specifications 


Whatever your application—from hearing aids to missile sys- 
tems—Deluxe Coils’ new fine wire plant can supply the miniature 
coils you need... built to your specifications for precision and 
accuracy. 

Deluxe Coils’ newest facility spans 15,000 sq. ft. It is air and 
sound conditioned and completely equipped to produce all types of 
miniature fine wire coils, 40-47 gauge, ultra fine wire coils, 48-56 
gauge, and components. 

Write for information on Deluxe Coils’ fine wire production 
capabilities—and how they can be put to work for you, right away. 


DELUXE COILS, INC. 
POST OFFICE BOX 318 ° WABASH, INDIANA 
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Be sure to see GRC ZINC ALLOY 


at the IRE Show [_] REDUCE COSTS 
Booth 4108 [_] SIMPLIFY ASSEMBLY ss 
{-] IMPROVE APPEARANCE with , Wing Nuts 


DIE CAST ZINC ALLOY gl Nuts 
( RC & MOLDED NYLON Trane ( 


@ Uniformly accurate * Wide range of 


now NYLON NUTS e High in quality stock styles, types, 


i i d thread 
added to GRC’s Low in cost sizes an reads 


extensive line of Produced in one high speed aut:matic 


operation, GRC's exclusive methods assure 

NYLON SCREWS uniformity, smooth, rustproof & corrcsion 
resistant surfaces and the lowest pcssible 
cost. New kinds of fasteners never before 
available . modifications in stock fas- 
teners for specialized use . infinite 
variety in styles, types and sizes, have 
been made possible by GRC's special 
automatic die casting and molding ma- 
chines 


Write, wire, phone RIGHT 
Brand New! Nylon hex nuts : 
in ten sizes: #2 thru 5/16 NOW for prices, your copy of 
complementing GRC's GRC’s NEW FASTENER BULLETIN 
Nylon Screw line. Nuts 
are single chamfered, wash- 
er-faced, double counter- 4 
sunk. All available from World's Foremost 
stock . samples sent Producer of 
immediately Small Die Castings 


GRIES REPRODUCER CORP. 
149 Beechwood Ave., New Rochelle, N. Y. © NEw Rochelle 3-8600 
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which cover 1 per cent of the range of 
the standard coarse controls have been 
added. Pulse length is continuously 
variable from 114% to 15 psec and 30 
psec can be obtained with less than 5 
per cent droop. The power level is such 
that transmission at 1 me through 6 
in. of air or 1 in. of Teflon is possible 
using barium titanate transducers. 
Arenberg Ultrasonic Laboratory, Inc., 
94 Green St., (Jamaica Plain), Boston 

+594 


TOROID COIL WINDING 
MACHINES 


Toroid laboratory Model L-7 toroidal 
winding machine 20 x 18% x 17 in. 
is high equipped with Variac speed 
control for 1/6 hp motor at 0-575 rpm 
and has self-releasing shuttle to maga- 


zine loading lock, wire guiding device. 


| high speed geared _ predetermining 


counter and reset counter for loading. 
Also has 360 deg continuous winding 


| roller table, reel holder with tension 
| brake and magazine in 1/8, 3/16 or 


‘4 in. sizes. Universal Manufacturing 
Co., Inc., 1168 Grove St., Irvington, 


| N. J. >595 


SILICONE RUBBER 

Silastic RTV 502 liquid vulcanizes to a 
rubber in only 30 min at room tem- 
perature. Retains flexibility from —70 
to 500 F, has good electrical insulating 
properties and resists weathering, mois 
ture, ozone and corona. Suitable for 
sealing and caulking metal-to-metal and 
metal-to-rubber joints; potting and en- 
capsulating electrical and_ electronic 


| parts; as a mold or impression material 


for making prototype parts and as a 
shock and vibration absorber for deli- 
cate components. Dow Corning Corp.. 


Midland, Mich. >596 
(Continued on page 304) 
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ITS HUSSEY COPPER 


IN AMERICA’S NEWEST ATOMIC BRWERED SUBMARINES 


The Triton, the largest submarine ever launched 
in America, carries the dependability of Hussey 
Copper on its vital missions. Chosen for its quality 
and easy workability, Hussey Copper was used in 
construction of the cooling coils for food storage 
refrigeration on this ship and the Skipjack. Expe- 
rienced fabricators and sheet metal workers every- 
where have learned that where copper counts most 


Where Copper Counts Most It’s use Hussey Copper. There’s a Hussey Copper 


warehouse near you, or prompt service direct from 
ERE s«~ 7 the mill. 
e: Te Uh | me ohn Sagi . 


eRe, 


a , : 
‘ e Submarine Triton, launched August 19, 1958, 447 feet 
5,900 tons displacement 


¥ 
a © 
wy 


Built by General Dynamics Corporation, Electric Boat 
Division, Groton, Conn. 

Refrigeration Cooling Coils 
“Krack”’ Refrigeration Appliances, Inc. 


C. G. HUSSEY & COMPANY 


( Division of Copper Range Co.) 
ROLLING MILLS AND GENERAL OFFICES 
PITTSBURGH 19, PA. 
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ACME Components 


~— 


IN MILLIONS 
OF UNITS 


Everywhere 
oe 


Two Improved Magnet Wires 


Acme DAGLAS (Dacron- 
Glass) Insulated Magnet 
Wire is a smoother, tougher, 
more flexible magnet wire, 
therefore a more suitable 
one for use at Class B or 
higher temperatures, where 
a positive inorganic spacing 
is desired between turns. 
Handling and winding Acme 
DAGLAS is easier and more 
trouble-free than is 100% 
glass insulated wire 1s 
therefore faster. In AWG 
sizes 14 through 30. 

POLYVAR — the Acme 
trade name for polyurethane 
enamel—introduces a mag- 
net wire that solders di- 
rectly, without insulation re- 
moval! This improvement 
greatly reduces processing 
time as well as lead break- 
age. POLYVAR has proper- 
ties fully equal to those of 
Formvar for wire insulation, 
plus easy solderability, and 
lower moisture absorption. 
In AWG sizes 15 through 
38. May we send you com- 
plete details on Acme DAG- 
LAS and POLYVAR? If 
convenient, please describe 
your need. 


Ai 


uve seTren 
“Cormyee™ 


ACME WIRE CO. 


NEW HAVEN, CONN. 
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LOW-FREQUENCY ANALYZER 


The Model SS-5 low-frequency, auto- 
matic optimum high-resolution analyzer 
will give a Fourier analysis of signals 
in the 1 cycle to 5.3 ke range and 
simultaneously measure its frequency 
and amplitude. Instrument is suited for 
harmonic analysis of servo systems, 


telemetering vibration and 
noise analysis of motors, blowers and 
electron tubes. Features include a con- 
tinuous variable tracked sweep width, 
sweep rate, and gain compensation to 
give an automatic optimum resolution 
at all times. Probescope Co., Inc., 8 
Sagemore Hill Dr., Port Washington, 
he >597 


systems, 


WIRE-TENSION ANALYZER 


All types of wire may be checked for 
tension variations during coil winding 
with the tension Analyzer, Brush mod- 
el BL-825, which aids in producing 
uniform wire coils at optimum wind- 
ing speeds by recording both the static 
tension level and dynamic tension var- 
iations. By control of high 
winding speeds, overstretching of wire 
is reduced, thus eliminating 
heating of the coil, variations in resist- 
ance, and breakdown of insulation. 
Additional factors in tension control 
are the ability to uniform 
coils with identical number of turns. 
Static and dynamic peaks in wire or 


proper 


over- 


THERE ARE NO 
OTHER SPEED 
DETECTING 

SWITCHES LIKE 


the TORQ 


SYNPROTEX 


TYPE | 


(AUTOMATIC) GOVERNS NAR- 
ROW SPEED BAND such as re- 
quired on computers, series wound 
motors, generators... 


TYPE Il 


(AUTOMATIC) DETECTS HIGH 
AND LOW LIMITS OVER WIDE 
SPEED BAND — Cuts out motor 
starting windings, protects furnace and 
electronic cooling blowers against 
over and under speed, maintains pro- 
per speeds of inter-related equipment, 
sequences equipment operations... 


TYPE Ill 


(MANUAL RESET) DETECTS A 
SINGLE SPEED —Safety device... 
used where mechanical resetting is 
desired. Can signal danger or automa- 
tically cut out operating circuit. 


TYPE IV 


HOUSED SWITCHES — Permits 
independent mountings, internally or 
externally, without design change. 
Standard housings accept any number 
of separate switches of any above 
type or combinations. Custom hous- 
ings on order. 


MULTI-TECTOR 


STANDARDS FURNISHED FOR 
SPEEDS FROM 0 TO 15,000 


TOLERANCES TO '/, of 1% 
- 


Ke GUARANTEED UNIFORMITY 
ae 
SINGLE DETECTOR 


TO DETECT SELECTED 
SPEEDS WRITE TO... 


TORQ 


| ENGINEERED PRODUCTS, Inc. 


34 W. Monroe St. . Bedford, Ohio 
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Experience—the added alloy in Allegheny Ludium foo/ stee/s 


a 


COLORIMETER (inherently extremely accurate) determines 
percentages of molybdenum, tungsten, cobalt and manga- 
nese in A-L tool steel to insure consistent, high quality. 


Colorimeter measures exact chemical composition 
of Allegheny Ludlum tool steel melts 


Accurate adjustment of alloys guarantees uniform 
heat treatment, predictable dimensional changes, 
reduced grinding, standardized machining operations. 


Close control of molybdenum, tungsten, cobalt and 
manganese is at the heart of a good tool steel melt. In 
addition to the usual testing methods, Allegheny Lud- 
lum’s chemical laboratory checks these metals with 
Colorimetry because of its inherent, extreme accuracy. 

On the basis of the Colorimeter’s findings, it is 
possible to make carefully calculated furnace additions 
of ferro-alloys, insuring precise control over chemistry. 
This guarantees your receiving the exact analysis order 
after order, providing uniformity of heat treatment, predict- 
able dimensional changes, reduced grinding and standardized 
machining operations. 


wEw-7262 


Colorimetry is but one step toward careful control 
over composition. Allegheny Ludlum also sets exacting 
purchasing specifications on raw materials and scrap. 
Quality Control checks all incoming orders to see that 
they conform with these specifications. Another guard 
toward your getting your exact specifications: each 
ingot bears a metal tab showing heat number. 

Allegheny Ludlum stocks a complete line of tool 
steel sizes and grades. Call your nearest A-L representa- 
tive; you'll get quick service and counsel on such 
problems as heat treating, machining, grade selection, 
etc. Or write for A-L’s publication list which gives full 
data on the more than 125 technical publications offered. 
They'll make your job easier. 

ALLEGHENY LUDLUM STEEL CORPORATION, 
Oliver Bldg., Pittsburgh 22, Pa. Address Dept. EM-15 


ALLEGHENY LUDLUM 


Tool Steel warehouse stocks throughout the country... Check the yellow pages 


every grade of tool steel... every help in using it 
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CURTISS CF) WRIGHT 


ADVANCED DESIGN 


COMPONENTS 


¥ 


New ULTRASONIC DELAY LINES 


Low cost — Small size 


Development engineers can now employ new concepts in existing 
and proposed applications. These Curtiss-Wright delay lines are 
extremely small, hermetically sealed and vibration proof. They 
are ideally suited for use in computers, coders and decoders, tele- 


metering and navigational systems. 


SPECIFICATIONS 


Delay range... .5 to 6000 microseconds 
Tolerance .. 0.1 microsecond 
Signal to noise ratio. .Greater than 10:1 


DIGITAL MOTORS 
For high reliability applications 


These stepping motors meet 
the requirements of assured 
reliability and long life for 
aircraft, missile and automa- 
tion systems. 


FEATURES 


Dynamically balanced 
Bi-directional © Positive lock 
Simplicity of design 
High pulsing rate 





input & output impedance. . 50-2000 ohms 
Carrier frequency 100 kc-1 mc 
Delay to pulse rise time... .Up to 800:1 


TIME DELAY RELAYS 
For high vibration applications 


“H” Series thermal time de- 
lay relays are designed to 
meet the high shock and vi- 
bration conditions of today’s 
military applications. 


FEATURES 


Time delays from 3 to 180 seconds 
Temperature compensated 
Hermetically sealed © Miniature 


Meets rigid environmental 
specifications 


fiber stress are located through a 
chart record. Brush Instruments, Div. 
of Clevite Cogp., 37th and Perkins 
Ave., Cleveland 14, Ohio. >598 


DELAY GENERATOR 


Crystal-controlled delay generator, 
Model 1104, combines unique transis- 
tor circuitry with modular printed cir- 
cuit packaging. Any delay from 10 to 
10,000 psec may be selected through 


the use of calibrated switches. A 1-mc 
crystal-controlled oscillator stabilizes 
the generator and keeps jitter time to 
less than +0.5 psec at max range. 
Input pulses may be either positive o1 
negative and have a wide range of 
acceptance of from 5 to 40 volts. The 
output is. a 10-volt standardized pulse 
of both polarities. Navigation Com- 
puter Corp., 1621 Snyder Ave., Phila- 
delphia 45, Pa. >599 


DUAL-BEAM OSCILLOSCOPE 


Dual-beam oscilloscope Type 411 with 
sensitivity capable of displaying 1-) 
plots and simultaneously displaying 
either the x- or y-signal against time 
has a unique switching arrangement 
on the front panel. It develops nine 
major modes of display and by in- 
troducing z-axis modulation, 27 addi- 
tional useful display modes are pos- 
sible. Type 411 employs a multi-gun 
cathode-ray tube rather than an elec- 
tronic switch or beam-splitting to in- 
crease its versatility, and frequency re- 
sponse extends from d-c to beyond 
100 ke. The instrument features a full- 
scale amplitude measuring range of 
from 1 mv to 500 volts in 17 steps. 
Front panel controls permit selec- 
tion of 19 accurately calibrated sweeps 
extending from 1.0 sec per cm to 1.0 
psec per cm. The entire “two-scopes- 


WRITE FOR COMPLETE COMPONENTS CATALOG 159 


ELECTRONICS DIVISION 


CORPORATION * WEST CALDWELL. N. J. 
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ReaM Fractional HP 
Re-Rated Motors 


NEMA FRAMES 
56 and 48 


MORE POWER...LESS WEIGHT AND SIZE! 


Think of the advantages these new motors offer your products! Many new 
R&M Re-Rated Motors are less than half the weight of former designs. For 
example, the new R&M % hp, 1725 RPM single phase motor weighs 26 
pounds as compared to a former weight of 56 pounds. Performance, torque 
and overload service factors are well within national standards, Lightness 
and compactness have been accomplished by the selective use of lighter 
metals and more efficient double end ventilating. 

Design versatility is an advantage too! R&M Re-Rated Motors in NEMA 
Frames 56 and 48 are available as complete “off the shelf” motors with 
a wide choice of mountings, bearings, mechanical and electrical character- 
istics in sizes from 1 to % hp. They’re also available as motor parts without 
end heads. Write for Bulletin 450-EM. 


Robbins & Myers build motors from 1/200 to 200 horsepower 


ROBBING € MYERS. we. 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 


Gb @ /P sey @ 


jovermma) @® 
FANS HOISTS MOYNO PUMPS PROPELLAIR FANS 
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SPLIT PHASE 


CAPACITOR START 


PERMANENT 
SPLIT CAPACITOR 


POLYPHASE 


OPEN AND TOTALLY ENCLOSED 
SLEEVE OR BALL BEARINGS 
RIGID, RESILIENT OR END MOUNTING 
NEMA C FLANGE 


. 


SPECIAL PURPOSE MOTORS 


Where production quantities justify, 
experienced R&M application engi- 
neers welcome the opportunity to 
furnish a design best suited to your 
particular power requirements. 





STRAIN 
RELIEF 
BUSHINGS 


for standard 
and special 
wires & cables 


The 


Standard 
Insulating and 


ELECTRICAL 
CORDS & CABLES 


FREE TEST SAMPLES will be sent on the 


receipt of the sizes of the wires you are using. 





HEYMAN 
MANUFACTURING CO. 


KENILWORTH 1, NEW JERSEY 


Ne e 
Y & 
MANi-say WEYN 
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in-one” package is 17¥% in. high, 131% 
in. wide, 2314 in. deep and is also 
available in a rack-mounted version 
(Type 411-R). Allen B. Du 


Clifton, N. J. > 600 


SURFACE-TEMPERATURE 
PROBE 

Model 116D surface-temperature probe 
is designed for of skin 
and gas temperatures and is especially 


measurement 


LL —— 


useful in flight testing of aircraft, 
rockets and missiles. It features a sen- 
sor of platinum wire having 500 ohms 
resistance at 0 deg C, a 1/16-in. In- 
conel-sheathed lead and a_ flexible 
cable. Upper limit of 760 C in the 
standard model can be raised to 1100 
C. Rosemount Engineering Co., 4900 
W. 78 St., Minneapolis, Minn. ~—>601 


VIBRATION RECORDER 


Hand Vibrograph 
cords frequency, amplitude and wave 
form of vibrations and other mechani- 
cal motions with ink and waxed paper 


magnifies and re 


recording (uses 1 in. wide tape) and 
includes a tape takeup reel for storing 
of readings. Variable tape speed sim- 
reading of high-frequency re- 


cording. It can also be used to measure 


plifies 


rpm of rotating equipment by placing 
its probe against the machine housing. 
Aids in balancing equipment, permits 
of disturbance within a 
structure, and can be used as a read- 
for differential 
motion 


measurement 
out analyzers having 
straight-line output. Features 
variable from 2 to 20 
times, variable probe tension and com- 


magnification 


bination timer and event marker. Kor- 
fund Co., Inc., 48-21E 32nd PIl., Long 
Island City 1, N. Y. >602 


(Continued on page 310) 


Mont | 
Laboratories, Inc., 760 Bloomfield Ave., | 


A tough relay 
to build... 


* TYPE 
134-3468 


AEMCO did it 
«-. and built it fast! 


Typical of AEMCO ingenuity, the compact 
Type 134-3468 high voltage relay illus- 
trated above was designed to meet rigid 
customer requirements of reliability and cost. 
Although AEMCO manufactures a complete 
line of hundreds of standard relays, develop- 
ment and manufacture of relays such as this 
are right “up our alley." Want fast service on 
protypes and development models? Want 
experienced, imaginative engineering with an 
eye to production economy? Then contact 
AEMCO—the firm that's building relays for 
more than a hundred outstanding firms. 


*Hermetically sealed enclosure with rigid mounting 
bracket to withstand vibration requirements up to 
10 G's—500 CPS. Designed for custom application, 
contacts are gold alloy SPDT dry circuit, with NC 
contact grounded and NO contact insulated for 
10,000 V peak at 2 to 4 mes. 


Need relays? 


ask ei 

AEMCO offers a complete line of 
relays in a wide choice of spring 
and coil combinations. operating 
potentials, and contact ratings. If 
one of hundreds of standard 
AEMCO relay types does not ex- 
actly meet your requirements, we 
will be happy to design and manu- 


facture a unit to meet or exceed 
your requirements. 


AEMCO also manufactures a complete line of Se- 
quence and Automatic Re-Set Timers, Time Switches 
and Sign Flashers. 


gO tian, 
o ~ 


Yl WRITE TODAY * 


! 


Your inquiries ore invited. Ask for 
your free copy of Relay Catalog 
describing all stondard relays in 
a the AEMCO line 


~ ail 


— —— 
— 





atMD INCORPORATED 


64 State St. ¢ Mankato, Minn, 
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Coupling Design is Simple 
with Permanent Magnet Drives 


Transmitting motion between two parts without mechanical 
connection may be a highly desirable goal in your new design, 
Permanent magnet drives often are the simplest answer to 

such problems. Three types of magnetic drives are generally 
available, and are applicable according to the desired function, 


MAGNETIC DRIVE TYPES 


Synchronous Drives. Both the driver 
and the driven member operate at the 
same speed. If slip occurs, the follower 
will slow and stop and the whole unit 
must be restarted. Since displacement 
between magnets is required fora torque 
to be produced, “hunting’’ may occur. 

Fig. 1 shows a radial gap drive using 
Indox ceramic magnets. For maximum 
mechanical strength, the magnets may 
be glued or potted into non-magnetic 
holders. The optimum number of poles 
depends on the gap and the diameters 
of the magnets. Fig. 2 shows a design 
which can use either Indox I or Indox 
V material. A steel backing plate is 


desirable for maximum torque with 
Indox I, and is necessary for Indox V. 
Indox V must be magnetized with the 
backing plate in place, not subsequent- 
ly removable. Indox I, however, may 
not need a backing plate when magnet- 
izing. If backing plate is used, it may be 
removed and replaced without weak- 
ening the magnet. The optimum num- 
ber of poles again depends on the total 
gap between the magnets and the 
thickness and diameter of the magnets. 

Fig. 3 illustrates an Alnico V design. 
Salient poles are required for Alnico 
drives of this type, but are undesir- 


FIG. 2 


able for Indox because of the high 
coercive force and low flux density. 

Hysteresis Drives are similar in 
operation to synchronous drives except 


STEEL BACK PLATE 
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FACING MAGNETS 


that the driver magnet magnetizes the 
follower, creating a torque coupling 
that is synchronous up to the maxi- 
mum torque capability. If this limit is 
exceeded and slip occurs, approximately 
the same torque will be produced 
regardless of the rate of slip. To pro- 
duce a given torque, the hysteresis 
drive must be larger than a synchro- 
nous drive. “Hunting” may also occur. If 
slip is not objectionable, an eddy cur- 
rent drive may produce more torque 
for a given magnet weight (see below ). 

Fig. 4 shows a radial gap hysteresis 
drive using an Alnico V driver magnet. 


ALNICO V DRIVER 


LOWER COERCIVE 
FOLLOWER 


Fig. 5 is an axial gap unit using 
Alnico V in both the driver and the 
follower. The optimum number of 
poles again depends on the air gap and 
the magnet diameter. 


Eddy Current Drives are non-syn- 
chronous and produce no torque unless 
some slip occurs. The greater the load, 
the greater the slip. If the load on the 





STEEL BACK PLATE 


follower is reduced, it will pick up 
speed until the slip is just sufficient to 
maintain the load torque. Eddy current 
drives are not subject to “hunting.” 

Fig. 6 illustrates a basic arrangement 
using an Alnico V rotor. 


MILD STEEL RING 


COPPER OR ALUMINUM 
EDDY CURRENT CUP 


TYPICAL APPLICATIONS 


Synchronous drives are used exten- 
sively in pumps, where one magnet is 
driven by a motor and another magnet 
follows inside a sealed unit. The second 
magnet is attached to the impeller. This 
arrangement enables special materials 
to be pumped in a totally enclosed sys- 
tem without danger of contamination, 
leakage or loss of pressure. 

Hysteresis drives are used for yarn 
and wire tension devices to maintain 
uniform torque regardless of speed. 

A typical application for an eddy cur- 
rent drive is in a take-up reel, where 
the torque is proportional to slip. 


FREE DESIGN HELP 


If your product development could 
benefit from the application of perma- 
nent magnet drive, The Indiana Steel 
Products Company design engineers 
are ready to help with practical design 
recommendations, based on 50 years of 
experience with permanent magnet 
materials. Write today for this free 
service. Address Dept. B3 





WORLD’S LARGEST MANUFACTURER 
OF PERMANENT MAGNETS 





THE INDIANA STEEL PRODUCTS COMPANY 


VALPARAISO, INDIANA 


INDIANA 
PERMANENT 
MAGNETS 





IN CANADA: The Indiana Steel Products Company of Canada Limited, Kitchener, Ontario 
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CONVERTS LINEAR SOLENOID THRUST 
INTO ROTARY TORQUE 


A ROTARY SOLENOID 


MODEL R133 NOMOGRAPH 
FOR DETERMINING MINIMUM AVERAGE TORQUE 


4.0 


' 
‘ 
‘ 
' 
' 
' 
' 
' 


1s° 30° 45° 60° 
DEGREES ROTARY STROKE 


NOTE: The output torque curve may be varied providing the 
area under the desired torque curve, when superposed on above 
nomograph, does not exceed the area under its minimum average 
torque rectangle. This torque rectangle is formed by perpendicular 
lines to torque and stroke axes from junction of degrees stroke line 
and duty cycle curve. EXAMPLE: 30° rotary stroke at 50% duty 
cycle produces a minimum average torque of 1.9 Ib.-in. 


FEATURES 


NO AXIAL MOVEMENT OF OUTPUT SHAFT 
THRUST BALL BEARING PROVIDES NEGLIGIBLE SIDE LOAD EFFECTS 


EXTREME LONG LIFE ASSURED WITH HARDENED TOOL STEEL 
MOTION CONVERTER 


AVAILABLE WITH HIGH STARTING, HIGH ENDING OR RELATIVELY 
UNIFORM TORQUE 


15° to 60° ROTARY STROKES AVAILABLE 
PRECISION MACHINED THROUGHOUT 


DESIGNED TO MEET STRINGENT MILITARY AND AIRCRAFT REQUIRE- 
MENTS 


Further details from: 


ROLENOID, INC. 
P. O. Box 1124 
Culver City, California 
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TRANSISTOR POWER 
SUPPLIES 


T-200 Series transistorized power sup- 
plies in 8 standard models provide out- 
put ranges suitable for Both transistor 
and vacuum tube circuitry with 0.1 


per cent or 30 mv line or load regula- 
tion, 50 psec recovery time, 0.2 per 
cent 24 hr stability and short-circuit 
proof design. Forced air cooling pro- 
vides heat dissipation fer reliable 
operation under severe conditions. 
Armour Electronics, Inc., 4201 Red- 
wood Ave., Los Angeles, Calif. 603 


STROBOSCOPE 


Strobex Model 121 bright-light strobo- 
scope consists of a heavy-duty power 
supply and a compact 2-lb lamp as- 
sembly (either hand-held or tripod 
mounted). Employs forced-air cooling 
for the flash tube. Stroboscope features 
high and flicker-free light output of 
10 candle-sec/flash up to 100 flashes/- 


sec; broad illumination angle of 50 
deg, and replaceable flash tube. 

Unit is especially suited for slow- 
motion viewing and photography from 
5 cps to 10 ke, using “Slip-Sync” and 
“Camera-Sync” synchronizing equip- 
ment. Input circuitry allows trigger- 
ing by external contactor for synch 
to specimen or camera. Audio oscilla- 
tors or calibrated strobes will also 
trigger it for speed measurement. 
Chadwick-Helmuth Co., 472 E. Duarte 
Rd., Monrovia, Calif. > 604 


FATIGUE TESTING MACHINE 


In Model 25 VP-D fatigue testing ma- 
chine for testing either assemblies or 
components up to 25 lb at 10 g, vibra- 
tion is produced in a vertical plane in 
simple harmonic motion. Mechanism 
consists of a piston actuated by a con- 
necting rod and eccentric shaft and 
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64 Zener Diode Types 
Offer Advantages to Every 
Voltage Regulator Circuit 


As compared to other voltage refer- 
ence elements, the silicon diode regu- 
lator has a longer life expectancy be- 
cause of its mechanical ruggedness. It 
does not deteriorate under storage nor 
age during its operating life. Small size 
and light weight make its use in air- 
borne or portable equipment especially 
desirable from many standpoints. 

International Rectifier Corporation 
now offers an extensive line of zener 
types numbering 64 in seven basic 
styles. From the miniature type rated 
at 750 milliwatts to the precision 
1N430 reference element types, all are 
manufactured to meet the most rigid 
military requirements, See how these 
all-welded, hermetically sealed diodes 
can improve your circuit design. . 
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HZ Series Silicon Zener Voltage Regulators 
Replace Vacuum Tubes — Streamline 
Circuitry = Take Only Half The Space! 


Semiconductor equivalents eliminate 
components and circuitry required by 
tube counterparts to overcome plasma 
oscillation and high firing potential. 


Voltage regulation circuits can be 
simplified and the a increased 
by using silicon zener voltage regu- 
lators in place of conventional gas tube 
regulators such as the 0A2, 0A3, OB2, 
0C3, 1B46 and the 991. 

The International Rectifier HZ series, 
provides a substantially lower dynamic 
resistance than do comparable tube 
types — and over a much broader tem- 
perature range (—65°C to + 165°C). 
This feature, and the unusually hi 
zener reference voltage, stem from the 
unique construction of these units. 
Mechanical ruggedness of this package 
leads to longer term reliability than can 
be expected from tubes. 

Other regulators restrict the engi- 
neer to a few specific voltages within 
a very limited current range. Not so 
with the HZ series. You may select the 
exact zener voltage your circuit re- 
quires within a range of from 24 to 160 
volts — over a wide range of current 
values. This opportunity to select in 
discreet voltage steps obviates addi- 
tional corrective circuitry ...saves time! 

If you are developing a voltage regu- 
lation circuit, write or call us today. We 


ZENIAC Provides a Shortcut to the 
Application of Silicon Zener Diodes 


A flip of the Zeniac selector 
switch quickly tells you the exact 
diode required in complex 
breadboard circuitry. This 
unique innovation — the first 
semiconductor substitution box 
in history — has been designed 
nana to aid system design 
groups by saving valuable lab 
time in the application of zener 
diodes. The eleven component 
diodes of Zeniac are rated at 1 
watt and range in voltage from 
3.6 to 30 volts. Zeniac is avail- 
able at your local International 
Rectifier Industrial Distributor. 
For details on this time saver... 
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will be happy to provide whatever 
assistance _ need to improve your 
circuit with silicon zener regulators. 

For Bulletin SR-253 describing the 
HZ series in technical detail . . . 
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Technical Service Provides 
XY Plot of Reverse Breakdown 
Characteristics of Each Diode 

in all Prototype Orders 


To eliminate guesswork and tedious 
testing on your part, every zener diode 
sent on prototype orders will be accom- 
panied by a specially plotted XY re- 
cording of its exact breakdown voltage 
point! This permanent record can come 
in mighty handy when it’s time to 
match diodes or reorder to the same 
specs. This is just one of the many 
application engineering services we are 
prepared to extend to you at all times! 


Write on your letterhead for Bulletin 
SR-250-A, a four page technical article 
describing the characteristics of zener 
diodes, how to select them, and appli- 
cation data with circuit schematics. 
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PRECISION RELIABILITY QUALITY 


COMPLEX 
ELECTRONIC EQUIPMENT 


Highest quality 
standards, low 
manufacturing costs. 
Complete Engineering 
services 

Precision, reliability, 
and quality guaranteed. 
An integral part of 
each equipment. 

For computer, data 
processing, servo, and 
ground support systems. 
To Applicable MIL. Specs. 


aa BOOTH NO. 3912 
s t PRODUCTS 
YY STOTLS comaiy 


904-6 23rd ST., UNION CITY 2, NEW JERSEY 
UNion 6-5400 











Circle 322 on page 17 


You can develop NEW PRODUCTS 
for your company to make 
and sell using Durakool’s 
steel-bodied ‘’Nude’’ 
mercury tilt-switches 





Basic uninsulated switches now 
available to designers and manu- 
facturers of wiring harness assem- 


blies. 
Prices from 812 cents each. 


Capacities: 1 to 65 amperes: 6 to 
460 volts. 


Ideal for DC loads. 


Sizes from .366” to .975” in di- 
ameter; .600” to 3.44” in length. 


Write for bulletin D-49 and price sheet 1053 


Durakool 


ALL STEEL MERCURY SWITCHES 


DURAKOOL, INC. 
ELKHART, INDIANA 





301 FIFTH AVE. SO., MINNEAPOLIS, MINN. 
4747 BRONX BLVD., NEW YORK 70, N. Y. 
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running in an oil bath. Housing is 
stabilized on two sides by fins which 
also function as heat exchangers. Ac- 
celeration and deceleration are pro- 
vided by a range selector. Frequency 
may be increased uniformly from 10 
to 60 cps, may be held at any point 
within the range or controlled manu- 
ally. Displacement is infinitely ad- 
justable from 0 to 0.125 in. All Amer- 
ican Tool & Mfg. Co., 8053 Lawndale 
Ave., Skokie, II. 605 


PULSE-WAVEFORM 
GENERATOR 

Instrument which generates long cali- 
brated pulses, also sine, triangular and 
square waves, has unique low-fre- 
quency pulse output for testing electro- 
mechanical devices, computers, input- 
output devices, and other equipment 
requiring long, rectangular pulse gen- 
range, 0.01 to 


eration. Frequency 





2000 cps. Pulse lengths are calibrated 
from 100 microsec to 10 sec, with an 
accuracy of +3 per cent. Max pulse 
amplitude is 50 volts at 40 ma _ for 
actuating relays, step motors, servos, 
programmers, etc. Dial accuracy is 
+2 frequency _ stability 
+1 per cent, and output stability with- 
in 2 per cent from 0.01-2000 cps. 
Kennedy Co., 2487 E. Washington St., 
Pasadena, Calif. > 606 


per cent, 


TRANSISTOR POWER SUPPLY 


Model 100 transistor power supply 
features stable output voltages from 
0 to 36 volts d-c at 5 amp continuous 
duty. Line and load regulation is bet- 
ter than 0.1 per cent and output can 
be limited to any value from 0 to 5 
amp through a front panel selector. 
Recovery better than 50 ysec, and 
ripple and noise less than 1 mv at full 
load. Has overload protection front 
panel cutoff control and remote load- 


ELECTRICAL MANUFACTURING 








Dress Up Your Products 
with these 


NEW 
KNOBS 


Featuring metal inserts of 
chrome, copper, _ satin 
brass, gold. In a variety of 
thermosetting materials, 
both phenolic and urea. 
Send for details. 


ROGAN BROTHERS 


8027 W. Monticello * Skokie, Ill. 
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DYKEM 
STEEL BLUE 


a“ 

S Us pd Losses- R Popular package is 
f gon. can pack Sith 
Bakelite cap holding 
soft-hair brush for _ 

plying right at benc 
metal surface ready for 
layout in a few minutes. 
Bn dark blue background 
makes the scribed lines 
show up in sharp relief, 


making Dies and 
Témplates 


prevents metal glare. In- & 


accuracy. 
aged . Write for sample 
pene tel Bes on company letterhead 


aT DYKEM COMPANY 
¢ St. Louis 6, Mo. 


) creases efficiency and 
4 


Circle 325 on page 17 





ASPHALT BASE COMPOUNDS 


for coil impregnation, potting, cable conduit sealing, 
drum and barrel liners, etc. 
* Bituminous materials modified with waxes, 
resins, and polymers. 
* Variable thermal conductivity. 
* Softening points from 150°F to 295°F. 
* Low viscosity-high cold flow systems. 


Send for GENERAL SPECIFICATIONS CHART 
on INSULATING and SEALING COMPOUNDS 


3442 HOWARD STREET * SKOKIE, ILLINOIS 


Telephones: ORchard 3-1050 * AMbassador 2-3339 


BIWAX CORPORATION 
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Soups On 


in exactly two minutes... 


and the Ghef is « 


MILLER- HARRIS — 
Automatic Timer Pintle 


designed for the famous 


HEINZ 
Combination Soup and 
Food Counter Kitchen 


To heat soup, knob is turned 
to the right. Two minutes 
later, timer cuts off cur 
rent and buzzes. To heat 
chili or beans, knob is 
turned to the left. Timer 
cuts off heat in 2'5 min 
utes, waits a half minute 
for heat to be absorbed, 
then buzzes until food is 
picked up. 
MILLER-HARRIS makes 
a complete line of buzzer 
timers 


30 BASIC MODELS 


of MILLER-HARRIS TIMERS 


offer Better Timing for Your Product too! 





* Hundreds of adaptations from existing units 
* Complete engineering service 


* Volume production — Speedy delivery 


Model 116 Got a timer control problem? For a 

inter ieee fast, low-cost and correct solution, let 
Miller-Harris specialists put their years 
of experience to work for you. Miller- 
Harris controls are standard equipment 
on many of America’s best known, 
best-selling products. 


Whether you need a “standard” o 
Model 110 


Push-button operated. Special” timer, you’ll find many qual- 


Fixed time cycle. ity and cost-saving advantages in the 
bigger, better selection of Miller-Harris 
time controls. 

Write or call today! We'll be glad to 
discuss your timer needs, at no obli- 
gation. 


Model 100 


Panel mounting timer 


Many other types of timers available. Send 
a for illustrated Miller-Harris brochure. 


MILLER-HARRIS INSTRUMENT CO. 


611 EAST ODGEN AVENUE ° MILWAUKEE 2, WISCONSIN 


Circle 327 on page 17 





This was Nippert’s 


SMALLEST OF SMALL 


COMMUTATORS... 











and NOW we’re making them 


even smaller... @ 


MINIMUM RECOMMENDED DIMENSIONAL STANDARDS AND LIMITATIONS 





B A C 


E 





1/32” .156 1/32” 


1/64" 





11/64” to 1/32” | .187 | 1/64” to 1/32” 





11/64" to 1/32" | .218 | 1/64” to 1/32” 

















1/64” to 1/32” | .250 | 1/64” to 1/32” 


1/64” 015 MICA te le A « 
1/64" (TYPICAL) 

J 
1/64" ay : 











Bars — Hard drawn copper or copper alloy 
Maximum number of segments — 3 thru 18 
MAX. TEST 
Bar to bar 110 volts 
Bar to ground 550 volts 
Maximum skew 010 
R.P.M. 45,000 


Je denotes Nippert machined surfaces 


a 
a i? 


| 274 


+ o10 | 


312 ' 
RECOMMENDED 
MIN. # ON 
ARMATURE 

a Se ete 
_BROACH SIZE (.1000 — .1010 BROACH 
0990 MIN. TO AVAILABLE) 
1030 MAX 

















FURNISHED DRILLED OR REAMED 
FROM 078 TO .103 








The newest, and smallest, of 
Nippert’s tiny but tough commu- 
tators finishes at "4" diameter on 
the armature. This fabricated 
sub-miniature with machined 
dovetails is another example of 
Nippert craftsmanship in copper, 
steel and mica. 


Nippert commutators are pro- 
duced in sizes up to 4”. Our 
exclusive production techniques 
and custom machines make it 
possible to supply precision- 
built commutators to your speci- 
fications efficiently and econom- 
ically in any quantity. 


Send us your application specifications today—or write for information. 


COMMUTATORS 


COMMUTATOR 
COPPER AND OTHER 
DRAWN COPPER SHAPES 


SLIP RINGS 


ELECTRIC PRODUCTS CO 


1759 W. Mound St. * BRoadway 4-1116 
Columbus 23, Ohio 
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change sensing. Axial blower draws air 
from louvers in front panel and expels 
it through the rear. Mounting space, 
7 in. in standard 19-in. rack panel. 
Mid-Eastern Electronics Inc.. 32 Com- 
merce St., Springfield, N. J. > 607 


ENVIRONMENTAL TEST 
CHAMBERS 


Standard sizes of environmental test- 
ing chambers are available in three 
work-space sizes of 15 in. wide x 21 
in. high x 15 in. deep; 24 x 


30 x 23 in. and 35 x 36 x 41 in. Temp- 
Line chambers feature high and low 
temperatures, controlled humidity and 
altitude ranges and stainless steel in- 
teriors. Engineered to satisfy all the 
requirements of MIL specifications. 
Special variations available to meet 
specific needs. Itemco, Inc., 4 Manhasset 


Ave., Port Washington, N. Y. > 608 


RESOLVER FUNCTION BRIDGE 
Model RF-1 tests computing resolvers 
from an ideal sine or 
cosine function and expresses result 


for deviation 


on a 41%-in. zero-center meter as a 
percentage error. Accommodates any 
range of inputs and outputs. The out- 


put voltage from each resolver winding 


ELECTRICAL MANUFACTURING 





NEW WAYS 
TO CUT 
CONTACT COSTS 


38% Saved by . 
CHANGE to DERINGER 


Cold-Heading, in many 
cases, the most economical 
process. 


This part now cold-headed to very close tolerances 
was formerly made by screw machine. Use of high 
speed cold-headers resulted in the reduction of waste 
metal and produced uniformly high quality contacts 
at a saving of 38%! 


REDESIGN to 
Reduce Assembly 
Time 


This part originally had a round head. It was hopper 
fed and a big problem was in automatically aligning 
a wire with the head slot. 

More than the cost of the part was saved in labor when 
Deringer redesigned the head to a semi-square shape 
and double slotted the head so that it now automati- 
cally feeds through the hopper in position for perfect 
alignment. 
TITTIIIIIIIIITI iii iiiiii it) 


30% to 60% and HIGHER SAVINGS ARE PAR- 
TICULARLY IMPORTANT because most contacts 
are made of precious metals in quantities of thousands 
and even millions—one such change may save 
thousands of dollars. 

DERINGER furnishes a complete line of standard 
and special electrical contacts and contact assemblies 
—welded, riveted and double headed. Also rivets, 
discs, stampings; wire, strip, sheet, laminated metals; 
silver and silver alloys, gold, platinum, palladium, etc. 
Exceptionally high quality and close tolerance cold 
headed parts in base metals—steel, brass, aluminum, 
etc. 


IF YOU ARE INTERESTED 
IN POSSIBLE SUBSTANTIAL 
CONTACT SAVINGS 


For general information 
—Write for our latest 


WOULD YOU LIKE TO REDUCE 
INVENTORY? 

DERINGER unusually fast 
delivery (faster than others 
take to process an order) will 


FREE catalogs. For spe- enable you to reduce your 
cific information—Sub- inventory stock to a mini- 
mit complete specifica- mum. 


tions of your part, toler- 
ances, application and IF + -- a 


any problems. 


METALLURGICAL CORPORATION 





27 MONTICELLO AVE SKOKIE 


MARCH 1959 Circle 345 on page 17 











AE empleli » Mou Line 


/ COUNTING 
INSTRUMENTS 


MOA 


Whenever you have 
a design problem 
involving counting . . . consult INTIMEX 
for a fast, economical solution 


INTIMEX . . . the newest, 

brightest star in the pre- 
cision instrument field . . . now 
offers a complete line of precision- 
built counters that have been pro- 
duced with the Design Engineer in 
mind. You can depend on INTIMEX for 
rapid delivery of all types of count- 
ing instruments, ranging from Small 
and Medium Size Counters (with or 
without resets) to High Speed, Quick 
Reset Electro-Magnetic Counters and 
Photo Transistor Counters. There’s 
an economical counter from INTIMEX 
to insure accuracy in every counting 
operation . . . INTIMEX takes the 
thinking out of counting. 
Engineering available on special 
counting problems. 


FREE LITERATURE AVAILABLE, write 
INTIMEX 
CORPORATION 


Richardson Bidg., Bonifant & Fenton Sts. 

Silver Spring, Maryland, (Washington, D. C.) 

Sales Engineers in: Worcester, Mass., Hartford, Conn., New York, N. Y., 
Philadelphia, Pa., Baltimore, Md., Winston-Salem, N. C., St. Petersburg, 
Fla., Rochester, N. Y., Cleveland, Ohio, Cincinnati, Ohio, Detroit, Mich., 
Chicago, Ii!., Dallas, Texas, Los Angeles, Cal. 
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THERMOSTATIC 


























ACTUATES ANOTHER 
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A Product of Pace, inc 
Mansfield, Ohio 


“SNAP ACTION” 


THERMOSTAT 


The breaker shown above (only 2” length, excluding terminals) is 
the newest addition to the high quality Pace line of bimetal 
thermostats. The “Snap Action’ — type JS — is engineered for 
heavy duty and ruggedly built for long life under the toughest 
conditions. It is available in both adjustable and non-adjustable 
models for applications such as ‘positive control for room and 
automotive air conditioning, wall and base board heating and 
ventilating, fans, vending machines” . . . and other motor driven 
appliances. The rating is 15 amps, 230 volts, range 0° to 300°. 
The actuating element of this reliable control is Chace Thermo- 
static Bimetal. 


Pace pays Chace the ultimate compliment when they say ‘Pace 
thermostats are not code dated. Your warranty to your customer 
is our warranty against defective materials and workmanship.” 
Only a manufacturer with complete confidence in the absolute 
uniformity of the bimetal element or strip he installs in his pro- 
tective device would dare make such an unqualified guarantee. But 
Pace knows Chace, its uniformity of alloys, uniformity of process- 
ing the alloys into over 30 bimetals, uniformity of bimetal produc- 
tion methods which assure precision tolerances in rolling, slitting, 
cutting to length or blanking to customers’ specifications. Our 
better than a third of a century in the business has proven that 
such uniformities are our surest means of gaining and keeping 
good will. 


lf you are designing a device for temperature indication or actua- 
tion or for protection of valuable equipment, send for our booklet, 
“Successful Applications of Chace Thermostatic Bimetal.” You'll 
find the engineering and design date extremely useful. 


W. M. CHACE CO. 
Theunorstalic Bimetal 


1608 BEARD AVE., DETROIT 9, MICH. 
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PRECISION PRODUCT... 





























is measured by comparing it to a 
standard voltage; high-balance sensi- 
tivity is achieved since the carrier 
phase of the standard is precisely 
matched to that of the resolver output. 
The detector effectively blocks all har- 
monic and quadrature voltages. Speci- 
fications: test interval, 5 deg; equip- 
ment error, 0.002 per cent max; scale 
sensitivity, 0.01 per cent full scale. 
Theta Instrument Corp., 48 Pine St., 
E. Paterson, N. J. > 609 


LOW LEAKAGE 
SIGNAL GENERATOR 


Good stability and constant high-level 
output of pulse-modulated r-f signals 
in 10 em band over a frequency range 
of 2700 to 3000 mc are features of 


Model 80 signal generator. Output 
continuously adjustable to 10 w peak, 
and indicated by a meter mounted on 
front panel. 

Other specifications include: accu- 
racy, +0.25 per cent; resettability, 
+-0.03 per cent; stability, +0.03 per 
cent; pulsed r-f output, +-40 dbm (10 
w peak) to —80 dbm, extendable to 

120 dbm. BJ Electronics, Borg- 
Warner Corp., 3300 Newport Blvd., 
Santa Ana, Calif. >610 


TRANSISTOR TESTER 


Model 690-A transistor tester provides 
positive leakage and gain tests for 
p-n-p and n-p-n type transistors. It 
measures d-c beta (which is the cur 
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. +}. Electrical Coil Windings 


For 40 years . . . specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 


63 Pavilion Avenue Providence 5, Rhode Island 
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-—FOLDING DOUBLE CUPPED WASHER LUGS— 


With or Without 

Insulation Grip— 

Small or Large 

= Screw Hole. For 
Standard, Extra 

EASY TO APPLY « NO TOOLS REQUIRED Flexible Strand- 


— ingand Solid Wire 
Write for Bulletin 8-DF KRUEGER & HUDEPOHL, INC. cept. 
1043 EVANS STREET, CINCINNATI 4, OHIO FF INO J 
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MICA 
IS NATURALLY BEST"... 


e High Heat resistance and Dielectric Strength 
© Chemically inert — non Hygroscopic 
e Tough, Resilient — Low Space Factor 
e Readily available according to ASTM 
Specifications 
For FREE copy of ASTM Specs. (D-351) 
or other information write to: Dept. M 3 
MICA Importers Association, Inc. 
420 Lexington Ave., N. Y. 17, N. Y. 
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Reader Inquiry Service 
Postcard return cards are provided on page 17 as a con- 
venience to the reader in obtaining 


New Components and Materials 
Additional data from the supplier of any item reviewed. 


Literature for the Design Engineer 
A copy of any manufacturer’s publication reviewed. 


Featvre Article Reprints 
Single copies of selected feature articles. 


Advertised Products 


SPECIALIZING IN: 
MINIATURE and 
SUB-MINIATURE MOTORS 


NEW 
MINITONE 


MINIATURE DC 


ACTUAL 
SIZE 


MODEL SRM 
This Minitone motor is 
ideal for equipment re- 
quiring reliable, efficient 
and trouble-free power 
drives, such as: remote 
controls and actuators, ra- 
dio and TV tuners, blow- 
ers, weather measuring 
instruments, marine and 
automotive equipment. 
Other models with gov- 
ernors available for: rec- 
ord players, tape re- 
corders, and similar port- 
able instruments, 


MODEL 
SRM 34035 ° 


@ Various Models In Stock @ Mo- 

tors to Your Specifications at Low 

Cost © Immediate Delivery 

@ 1-24 Volts © Up to 1/50 H.P. 
© Variety of models, 

some Under 20 ea. in quantities. 


Write for complete information 
MOEN TRADING CO. 
7 WEST 24th STREET » NEW YORK 10, N.Y. 

AL 5-1488 
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More information on any product or service described. 
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ELECTRICAL COIL WINDINGS 


Cotton Interweave 
Form Wound 
High Temperature 


Encapsulated 
sTololelia 
Paper Interleave 


Send us your coil 
specifications for quotation. 


TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC COMPANY 
93 Main Street « Winsted, Conn, 
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From raw material to finished product, she’s 
the boss . . . on top of the job and directing 
every turn. 


For the Same reasons, nobody can pro- 
vide as complete application and fab- 
rication engineering service on PRECI- 
SION BERYLLIUM COPPER STRIP 
as the company who controls its quality 
in each step of manufacturing from 
raw ore to packaging of finished strip. 


Whether your problem requires design 
assistance, development of manufactur- 
ing techniques, special heat treatment 
or any other processing information, 
call your nearest Pennrold Service Cen- 
ter for an experienced field engineer. 


The Brush Beryllium Co. and its Penn- 
rold Division offer you the world’s 
most completely integrated facilities for 
the production of the finest precision 
beryllium copper strip rolled today. 
With it, you get complete application 
engineering service, the widest range 
of sizes (down to 0.0005” thick) and 
the largest coil size in the industry (for 
greater uniformity and faster delivery ). 


Complete application and fabrication 
engineering service is also available to 
users of precision rolled phosphor 
bronze and other special purpose alloy 
strip. 


For more information, quotations, or 
fast delivery—call your nearest Penn- 
rold Service Center, today! 


(Precision Rolled Strip 
Only the best 
meets every test) 


The Brush Beryllium Co. 
501 Crescent Avenue/Reading, Pennsylvania 


Service Centers and Warehouses 
Reading, Pa.— FRanklin 5.4361 


Southington, Conn.— MArket 8.5574 

New York, N. ¥.— WAlker §-7500 or Enterprise 6479 
West Paterson, N. J.— CLifford 6.1085 
Philadeiphia, Pa.— MOhawk 4.6749 

Pittsburgh & Cleveland— Cleveland, ENdicott 1.5400 
Chicago, Ill.— Gladstone 5.7850 

Detroit, Mich.— TUxedo 4.2530 

St. Louis, Mo.— SHerwood 1.6423 

Greensboro, N. C.— BRoadway 3.5973 

Los Angeles, Calif.—PLeasant 3.5531 
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| table has 


from the collector to base 
with grounded emitter) from 5 to in- 
finity, shorts and leakage 
and checks forward and reverse leak- 


rent gain 
tests for 


age of diodes. Separate “calibrate” 
and “gain” buttons eliminate the pos- 
sibility of errors in usage. Has single 
switch selection of 
Triplett Electrical 
Bluffton, Ohio. 


transistor types. 
Instrument Co., 


>611 


ELECTRONIC VOLTMETER 

Model SPD-25 electronic voltmeter 
designed to meet MIL-T-945A for use 
in aircraft, missiles and ground sup- 
port equipment and operating on pow- 


er of 400 cps, 115 volts a-c 


phase, occupies panel space of. only 


single 


234 x 2% in. and is less than 6 in. 
deep. Available in any from 
0/30 mv to 0/300 Frequency 
response is 40 cps to 50 ke. Input im- 


range 
volts. 


pedance is 1 megohm, 15 pyf. Stability 
with 10 per cent change in line volt 
age is better than 2 per cent. Accuracy 
+3 per cent. Metronix, Inc., Chester- 
land, Ohio. >612 


FLIGHT SIMULATION TABLE 
Model 


11A_ two-axis flight simulation 
been modified to achieve 
higher frequency response. With a 25 
lb load, the natural frequency of one 
axis now exceeds 15 cps and the other 
exceeds 10 cps. 

Each axis is excited by a 90 w d-c 
servo power amplifier. Low distortion, 
threshold and noise characteristics are 
still maintained. 

Suited 


for “flying” complete auto- 


AUTOMATIC 
ASSEMBLY 


ECONOMICAL, 


TROUBLE-FREE 


with Milford 
tubular rivets 
and automatic 
riveters 


Mass production 
and automatic as- 
sembly cut costs 

only when all op 
erations are trouble-free. 
That's why the high 
strength and uniform 
quality of Milford Tubu- 
lar Rivets, plus Milford’s 
wide line of precision 
riveters, are playing an 
active role in slashing 
today’s production costs. 
For the answers to as 
sembly problems... 
get in touch with 
Milford first! 


MILFORD RIVET 
& MACHINE Co. 


MILFORD, CONNECTICUT ° HATBORO, PENNA 
FLYRIA, OHIO + AURORA, ILL. * NORWALK, CALIF 
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First family of power triodes made specifically for series regu/ation! 


| el 




















i 


998 TUNG-SOL 
CHATHAM 


a 5A 


by yt 





Tung-Sol/Chatham power triode family 
covers every series regulator need! 


Now designers can specify a premium quality Tung-Sol 
Chatham tube for all series regulator sockets. Tung- 
Sol/Chatham’s family of power triodes—the first 


heater versions available on most types. All embody 
sturdy construction features that contribute to overall 

ruggedness and long hours of heavy-duty operation, 
designed and produced specially for series regulator Compare the ratings below against your particular 
service — meets all design requirements and assures application! If you desire complete data sheets . 

maximum reliability and life at all times, 
Types include the new 100 Watters, 7241 and 7242. today! We'll be glad to give whatever assistance we 
medium mu or low mu-high current. 12 or 26 Volt can, Just write: Tung-Sol Electric Inc., Newark 4, N. J., 
oat See oe Commercial Engineering Offices: Bloomfield and Liv- 
TYPICAL VALUES ~~ ingston, N, J., Culver City, Calif., Melrose Park, Ill. 
| 


Total Plate |Range of Tube Minimum Grid Voltage AT THE IRE SHOW—BOOTHS 2833, 2835, 2837, 2839. 
Current Voltage Drop |Tube Drop Swing | 
T 


4 ® 
45 Vv +. ] 
Bante IUNG-SOL 
ae: 4 J 


TUBE TYPES BY PLATE DISSIPATION RATINGS 
Max. Plate Max. Plate i Total Plate 
Current Voltage | 
Soe 


or you have a specific design problem, contact us 


26 to 30 W 60W | 100 W 
Dissipation 


| ___ 28,000 umhos _| 6AS7G, 6082 6336A vat 
9.0 | __74,000 umhos _ | | 6080WA, 7105 | 6394A | 
5998 6528 7242 


+ 
| 5.5 
___}| _ 8.5 
| 400 | 
_| 400 
| 400 | 9.0 | __111,000 umhos 
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industry 
V7 
Kester 


Solder 


Only virgin metals, preci- 
sion manufacture, uniform 
consistency, rigid inspec- 
tion .. . these are some of 
the reasons why KESTER 
SOLDER today enjoys 
unanimous acceptance in 
the electrical industry. In- 
sist on Kester... you'll have 
the best in Solder ! 


FREE: Send for 78-page Kester 
technical manual, ‘SOLOER... 
its Fundamentals and Usage.’’ 


KESTER SOLDER COMPANY 


4209 Wrightwood Avenue 
Chicago 339, Illinois 


Newark 5S, New Jersey 
Brantford, Canada 


uit 
i 
{| 


UNM 
| f 


YT 


i 


/, 


ff 


OVER 60 YEARS' EXPERIENCE IN 
SOLDER AND FLUX MANUFACTURING 


od to MEET and EXCEED . 
MIL Specifications 


, p 
__TRU-OHM is your prime source for ——. 


| stan dget you 
rier ean o ality 
A TRU-OHM represen- 
“ tative Is in your area to serve you. 


Design 





Find out why TRU-OHM is America’s 
No. 1 Source for Wirewound Resistors 
and America’s Fastest Growing Source 
for Power Rheostats . . . Your inquiry 
will receive immediate attention. 


VISIT BOOTH #2405 
AT THE I.R.E. SHOW 


Our latest catalog is 


cS 


TA +5 - 


RU:OHM PRODUCTS 


Division of Model Engineering & Manufacturing, Inc 


General Offices 


2800 N. MILWAUKEE AVE. 
CHICAGO 18, ILL. 


FACTORY 
HUNTINGTON, INDIANA 


available upon request 
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pilots on the ground in conjunction 
with analog computers. Micro Gee 
Products, Inc., Box 1005, 6319 W. 
Slauson Ave., Culver City, Calif. 613 


TRANSISTORIZED POWER 
SUPPLY 


Transistorized voltage-regulated power 
supply features excellent regulation, 
low ripple content, fast recovery time, 
good stability, low output impedance, 
low temperature coefficient, short cir- 


cuit protection, over-current control, 
remote programming, and remote error 
signal sensing. Model SC-18-2 delivers 
0 to 18 volts, 0 to 2 amp. Regulation 
for line or load is less than 0.1 per 
cent or 0.003 volt, whichever is greater. 
Ripple is less than 1 mv rms. Recovery 
time is less than 50 psec. Temperature 
coefficient is less than 0.05 per cent 
per deg C. Output impedance is less 
than 0.01 ohm. Kepco Laboratories, 
Inc., 131-38 Sanford Ave., Flushing 55, 
ie 2 >614 


PORTABLE ELECTRONIC 
COUNTER 


Portable electronic counter, Model 
1000-B, capable of making 12,000 
counts per min, combines a_ plug-in 
electronic decade with a 5-digit me- 
chanical register. Counting pulses may 
be from photoelectric cells, magnetic 
pickups or contact closures. Input 
signals can be sinusoidal, rectangular 
or slow-rising. 

Counter circuitry consists of an in- 
put amplifier, pulse sharpener and elec- 
tronic decade. With an accuracy of +1 
count, the instrument will respond to 
electrical pulses with a peak ampli- 
tude of +2% volts. Performance 

(Continued on page 323) 


ELECTRICAL MANUFACTURING 








Fringecount Micrometer, an 
ultra-precision interferometer, is 
used by Barden for the absolute 
measurement of dimensional mas 
ters to one millionth of an inch. This 
basic reference gage provides the 
ultimate in quality control instru- 
mentation, assuring consistent 
accuracy of Barden Precision ball 
bearings. 


SPECIFY BARDEN PRECISION BALL BEARINGS FOR: MACHINE TOOL AND TEXTILE SPINDLES © INSTRUMENTS © AIRCRAFT ACCESSORIES 


Barden Precision 102H5 bearing as used in a high speed grinding spindle at the Barden pliant 


BARDEW bearings help Barden make better bearings 


Precision spindle performance demands low 
vibration, high rigidity and maximum rota- 
tional accuracy at extreme speeds, all main- 
tained over extended periods of service. 
Because Barden Precision spindle bearings 
meet all these requirements — and more — 
they are used in the most precise machine 
tools being built today. To the user of pre- 
cision spindles, they bring high performance 
and dependability that is measured by the 
superior quality of machine output. 

In the Barden plant the closest-tolerance 
grinding operations are performed on high 


speed grinders fitted with Barden Precision 
spindle bearings. Barden production men 
discovered long ago that it takes bearings of 
the highest precisior’ and performance to 
grind bearing parts to their rigid specifications. 


In this unique cycle of manufacturing, Barden 
Precision spindle bearings help make better 
Barden bearings of all types and sizes .. . 
better because Barden production experts are 
their own most critical customers. 


The result: spindle bearings that measure up 
to the highest standards of production quality. 


THE BARDEN corporation 


69 E. Franklin St., Danbury, Connecticut * Western office: 3850 Wilshire Boulevard, Los Angeles 5, Calif. 
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REINFORCED 
TEFLON 


C/R now offers you the advantages of reinforced TFE... 
designed, compounded and molded by a single source! 





If your work involves sealing applica- @ Resistance to deformation under load — rapidly and accurately. Our new lab- 
tions, you are probably familiar with by a factor of 10 oratory and production facilities are 
@ Resistance to wear by rotating shafts —by unexcelled — and these facilities are 


leflon”, Tetrafluoroethylene Resin. 
as much as 500 times matched by our experience in molding 


The extreme versatility of its chemical, 
Stiffness — by a factor of 4-5 synthetic parts to meet the most critical 


* 
@ Thermal conductivity—by a factor of 5-10 spec ifications. 

@ Compressive strength — by a factor of 3-4 C/R Sirvene welcomes the opportu- 
@ Hardness — by 10% nity to cooperate with you in the design 
and production of “Teflon” and re- 
inforced “Teflon” packings, bearings, 
gaskets, rings, or other parts. 


thermal and mechanical properties are 
unmatched by any other material on 
the market 


You may not be, however, fully aware as 
It is also useful to know that Chicago 


Rawhide is one of the few fabricators 
which blends its own “Teflon” com 


of the degree to which these properties 
can be distinctly improved by the use 
of reinforcing inorganic additives, For pounds, assuring constant quality in If you are interested in “Teflon” 


write for your free copy of Sirvenc 


example, “Tetlon” can be blended with batch after batch and permitting com 
I | & Materials Bulletin CT-1, 


inorganics to increase: pound formulations to be developed 


*'Tefion” is a DuPont registered trademark c 


SIRVENE DIVISION 


CHICAGO RAWHIDE MANUFACTURING COMPANY 
1279 ELSTON AVENUE @ CHICAGO 22, ILLINOIS 


Offices in 55 principal cities. See your telephone book. 


in Canada: Manufactured and Distributed by Chicago Rawhide Mfg. Co. of Canada, ltd., 
Brantford, Ontario. Export Sales: Geon International Corp., Great Neck, New York. 
Other C/R Products: C/R Shaft and End Face Seals  Sirvis-Conpor mechanical 


leather cups, packings, boots « C/R Non-metallic Gears R AW FZ I D i> 
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Measurements Co., 15301 W. Me- 
Nichols, Detroit 35, Mich. >615 


HIGH-POTENTIAL TEST SET 


Megpot Model 573 for high-potential 
testing includes special current limit- 
ing circuit which responds in millisec 
to prevent component breakdown dur- 


ing nondestructive testing (including 
units with delicate windings) and 
provides high-sensitivity, continuously 
variable tests for current leakage (cal- 


Hermetronics Div., General Hermetic 
Sealing Corp., 99 E. Hawthorne St.. 
Valley Stream, N. Y. ->616 


TRANSISTOR-DIODE TESTER 

Voltages, reverse and forward currents 
of diodes and transistors as well as the 
current gain (beta) of transistors are 


quickly and easily tested with Model 
TDT-200 transistor-diode tester fo 


MULTIPLE PRESET COUNTER 


Winding of tapped toroidial or trans- 
former coils is a typical application 
for multiple preset counter, Type 
2020-4-6, for counting and sequential 
predetermining control applications 
where a machine or a process is started 
manually and stops automatically at 
several preset counts in one operation. 


ibrated from 20 vamp to 3 ma), and 
full scale output with as high as 
0.0025 uf load capacitance. Continu- 
ously variable voltage ranges from 
0-3000 volts a-c or 0-5000 volts a-c 
with higher ranges available. Voltage 
is read directly across the output leads. 


testing d-c characteristics of semicon- 
ductors. Contains no batteries and re- 
quires no external power supplies. 
Has a wide selection of voltage, current 
and metering ranges. Transistor Elec- 
3357 Republic Ave., 
Minneapolis 26, Minn. >617 


Specifications include a max 4-digit 
count of 9,999, operated at counting 
speeds of 4000 per sec, and presets | 
through 6. Various inputs supplied 
include photocell, switch closure and 
pulse. Output is a relay DPDT, 5 


tronics Corp., 








Learn how you may 


hat is your 
WIRING PROBLEM? 


solve more engineering problems 


. 7 s 
with Ira Ritow’s 
PLUG & RECEPTACLE — 
Available in a wide range of shapes, 
sizes and terminal arrangements for 
use in appliances, automotive, vend- 
ing and other allied applications 


practical guide to 


%, 


TERMINAL BLOCKS — y> 


Infinite patterns, sizes and terminal 
SO OO OOS OOS OOO SSO OOOO MEMO OMe 


SLIDE-RULE 
MATHEMATICS 


arrangements for quick connect, pres 
sure and stud wire connectors. Meet 
UL specifications 
This 20-page, two-part article authored b 

. pag + : ed by CUSTOM PLASTIC MOLDING — 
engineer-teacher Ira Ritow offers a really Available to your exacting specifica 
practical treatment of the theory and use of See. ee a ne 

° 9 e ° ‘ ngineering assistance to help you 

the engineer’s prime computing instrument, with your planning 
the slide rule. It includes well illustrated 
instructions for the use of all conventional 
slide rule scales and the circular rule. Over 
50 step-by-step examples of slide rule set- 
tings appliable to engineering problems. 


COMPONENTS & ELECTRICAL 
ASSEMBLIES — 

Complete, modern production and 
engineering facilities are available to 
assist with any wiring problem. Time 
table delivery is assured! 


Reprint copies of the complete article with 
practice card cut-out slide rules are avail- 
able at $1.00 each; in quantities of five, 90 
cents each; in quantities of twenty-five, 75 
cents each. See handy order form on page 
194, 


A letter, sketch or even a post- 
card explaining your needs 
will bring a prompt response 
Rely on Molex for product de- 
sign, development and testing, 
production, and tool design 


MOLEX PRODUCTS CO. 
9510 SOUTHVIEW AVENUE 
BROOKFIELD, ILLINOIS 
HUnter 5-588! 
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A complete 
ESSEX® line of 


APPLIANCE WIRE 
AND CABLE 


Samples \ Approved by CSA — Bears UL Label 


SOLVES ALL YOUR 
WIRE AND CABLE 
NEEOS QUICKLY, LEAD WIRES 


ECONOMICALLY...AND Thermoplastic, Rubber 
Neoprene and Silicone 


ON SPECIAL PROBLEMS (Sil-X)* 
CALL YOUR LOCAL INTERNAL REFRIGERATION, 


ESSEX OFFICE FOR HELP _—*ROOM COOLER AND AIR 
CONDITIONING WIRES Other Essex Engineered 
ee POWER SUPPLY CORDS Wire and Cable: 
BEST TYPE AND SIZE SUBMERSIBLE CABLE 


FOR YOUR APPLICATION FLEXIBLE CORDS AUTOMOTIVE CABLE 
HEATER WIRE WELDING CABLE 


t your /oca/ Essex office or write for samples and complete information 


ESS 


Y's © aces bolo a @t- Bol k-me Db hte 6 _ Shed eo! 
FORT WAYNE, INDIANA 


PRODUCTS 
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amp. Contacts, with a 105-125, 50-60 
cycles power supply. Dimensions 11 
x 13 x 85 in. deep. Weight 1914 lb. 
Freed Transformer Co., Inc., 1730 
Weirfield St., Brooklyn (Ridgewood) 
a; oe ee >618 


DIFFERENTIAL VOLTMETER 


Model 803 precision d-c and a-c 
differential voltmeter features better 
than 0.05 per cent d-c and 0.2 per 
cent a-c accuracy from 0.1 to 500 volts. 





The frequency response of the a-c con- 
verter section is from 30 cycles to 5 
ke. Other features are: direct in-line 
digital readout, automatic punctuated 
decimal point, shock-mounted _preci- 
sion mirror meter, chopper- 
stabilized null detector, and swing-out 
front panel for easy access. The instru- 
ment can be used as a vacuum-tube 
voltmeter in the search range positions. 
John Fluke Manufacturing Co., Inc., 
1111 West Nickerson, Seattle 99, 
Wash. >619 


scale 


ELECTRONIC TACHOMETER 
Dynacounter digital 
simplified digital measurement of mo- 
tor speeds, belt conveyor and slow 
speed shafts, etc., covers entire range 
of speeds from 1/5 to 50,000 rpm. 
Reads speed to one revolution in 1/10 
sec, within 10 rpm in 1/100 sec, at 
all speeds. Used with low torque, gear- 


tachometer for 


less Rotopulsers it provides up to 1000 
counts per rev. By using suitable Roto- 
pulser, 20 to 20,000 rpm can be meas- 
ured. Direct digital readout is provided 
by neon tubes which convert signals 
to illuminated numbers. Optional read- 
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out: cold cathode decade counter tubes. 
Display time: 1/10 to 5 sec, and hold. 
Sensitivity: 1 mv rms. Dynapar Corp., 
5150 Church St., Skokie, Il. >620 


VIBRATION TEST CHAMBER 

Vibration test chamber with a temper- 
ature range of —100 to +350 F is 
furnished with a removable insulated 
plug and a flexible diaphragm for 


testing with the vibration table in 

horizontal position. For testing in a 
vertical position the flexible diaphragm 
is inserted in the side aperture, the 
plug in bottom aperture and the com 
plete installation then lowered so that 
the diaphragm can be brought up to 
coincide with the vibration table. Free 
test space 4 x 4.x 4 ft with automatic 
temperature control and air circulation. 
American Research Corp., Farming- 
ton, Conn. > 621 


TRANSISTOR TESTER 


Model TT-1 transistor tester tests n-p-n 
and p-n-p type transistors of low, 
medium and high power types with 
socket and external leads to accom 
modate the various types. It checks 


leakage and gain characteristics and 
tests for shorts; also cheéks the reverse 
and forward-current ratio on all diodes. 
Self-contained, it requires no external 
power connection. Reflectone Corp.. 
Post Road and Myano Lane. Stamford. 
Conn. > 622 





Consult 
Your Local 
Essex Product 
Application 


Engineers 


They can be your 
design assistants on other 


Essex Engineered Products. 


COILED CORDS - CORD SETS 


Prime source for plastic and rubber power 
supply cords. Terminations of all types (molded 
plastic and rubber) with infinite design possibil- 
ties. Complete line of Coiled Cords 
including HPN, 


Write for Coiled Cords Literature 
Cords Limited Division, DeKalb, Ill. ® 


A low cost, space saving single pole or common 
multiple contact D.C. unit. Highly reliable. Can 
be built to withstand extreme enwiron- 
mental conditions. 


Write for Bulletin MS-3 
R-B-M Control Div., Logansport, ind. vr 
» 


= _——— ae —_——— 


WIRE AND CABLE 


A plete line of appli 
radio, television and electronic hook-up wire, 
200° C high temperature Sil-X wire, automotive 
wires and cables, ond flexible cords, 


Wire and Cable Div., Ft. Wayne, ind. 3. 





wiring material, 


ESSEX 
WIRE) 


CORPORATION 


PRODUCTS 
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-----Electrical Manufacturing 


PRODUCT INDEX FOR THIS ISSUE 


Components, parts and materials described in this issue's editorial and advertising pages. Key: 





page number only indicates advertisement; letter “e' with page number indicates editorial mention. 








COMPONENTS, 
ELECTRICAL/ELECTRONIC 


Batteries and holders—220e 

Capacitors—38, 58, 175, 177, 204e, 238c, 
240e 

Choppers—234 

Clutches—104, 170, 232e, 281 

Contact devices 
Brushes and brush holders—256 
Commutators and slip rings—296, 314, 329 
Contacts and contact points—208e, 315 

Control panels—213 

Control systems—66, 250e, 296e 

Electron tubes 
Industrial—43, 192, 216e, 268, 319 
Receiving—264, 319 

Encoders—207, 210e, 298e 

Fans and blowers—24 

Filters—8, 220e 

Heating elements—264 

Knobs, handles—220, 313 

— indicator—208e, 225e, 236e, 242e. 
79 


Magnetic components 
Bobbins and core boxes—270 
Coils and windings—302, 317 
Cores—228e, 235, 277 
Laminations—30 
Per t gnets—185, 226, 246, 309 
Magnetic Amplifiers—19le, 204e, 214e, 
4 





‘ 


Meters, panel—57, 318e 
Microwave devices—200e, 306 
Mounting hardware—218e, 264e 
Potentiometers—23, 212e, 225e, 262e, 266c, 
270e, 280e 
Printed circuits—26, 202e, 208e 
Protective devices 
Circuit breakers—51, 171, 278e 
Fuses and fuse holders—244e, 289 
Thermal—268e 
Reactors—38 
Relays 
General purpose—16, 34, 64, 159, 191, 
195, 202e, 215, 260e, 308, 325 
Industrial—271\ 
Mercury—236, 272e, 278 
Telephone—159, 191, 195, 284e, 300 
Time delay—\61, 225, 258, 265, 286e, 
292e, 292, 306, 339 
Resistors—38, 210e, 212e, 234e, 255, 270e, 
274, 280e, 298. 320 
Rheostats—36, 58, 320 
Seals and terminals, hermetic—165, 242e 
Semiconductor devices—200e 
Controlled rectifiers—48 
Photocells—200e 
Rectifiers and diodes—27, 174, 176, 188e. 
200e, 203, 218e, 219, 268e, 294e, 311 
Thermistors—170, 221 
Transistors—199, 220e, 226e, 246e 
Varistors—179, 255 
Servo components—209, 220e, 280e, back 
cover 
Solenoids—69, 310 
Static Switching elements—275 
Storage devices—184e, 206e 
Memory elements—210 


326 


Switches 
Centrifugal—304 
Controllers 

204e, 213, 252e 
Iluminated pushbutton—244e, 276e 
Limit—200e 
Magnetically operated—262e 
Manual, jack, key—216 
Mercury—200e, 278, 312 
Momentary contact—206e, 220e 
Motor operated—242 
Pushbutton—232e 
Rotary—38, 290e 
Snap action—212e, 282, 282e 
Toggle—247, 298e 

Timers—57, 214, 222e, 251, 284, 313, 315 

Transducers 
Pressure—210e, 240e 
Thermocouples—200e 
Thermostats—76, 274e 
Vibration—284e 

Transformers 
Electronic—202e, 206e, 212e, 234, 276e, 

317 
Industrial—206e 
Variable—38, 202, 234e 

Tube shields—272e 

Valves, solenoid—210e, 222e, 274e 

Wire and cable—186e, 198, 200e, 258e, 
324, 325 
Hookup—254e 
Magnet—inside front cover, 21, 36, 54, 

192e, 223, 246e, 257, 304 
Resistance—72 
Ribbon cable—272e, 280e 
Thermometer—204e 

Wiring devices 
Cable clamps and grips—208, 308 
Connectors—35, 47, 206, 238e, 248, 250, 

250e, 252e, 258, 284, 293 
Cord sets—238, 279, 325 
Ducts—294e 
Lacing—222, 262e 
Plugs and jacks—196, 23le, 241, 323 
Terminals—37, 65, 218e, 250, 317 
Terminal blocks—226e, 248e, 323 
Terminal tags—280 


COMPONENTS, 
MECHANICAL/STRUCTURAL 


Bearings 
Ball and roller—\, 40, 173, 213, 282e, 


321 
Needle—208e 
Bushings—214e 
Clutches—292e 
Conduits—241 
Couplings—206e, 214e 
Fans and blower wheels—73, 287 
Fasteners—19le, 200e, 302 
Bolts and nuts—183, 206e, 258e, 283, 
292e 
Pins—288e 
Rivets—318 
Screws—28, 260, 269 
Housings and enclosures—182, 204, 231, 
241 


and Contractors—171, 187, 


Hydraulic cylinders—228e 
Light fixtures—241 

Limit stops—208e 

Molded elastomers—214e, 216e 
Motor bases—282e 

Plastics parts—248e, 280e, 322 
Pulleys—182 

Rings, retainer—216, 239 

Seals and gaskets—225e, 290e 
Shelf supports—297 

Speed reducers—256e 
Stampings—254 

Wire—270 


COMPUTERS AND COMPUT- 
ING COMPONENTS— 


184e, 186e, 204e, 106e, 208e, 210e, back 


cover 


DRAFTING MATERIALS AND 
EQUIPMENT— 


Drawing film—41, 267 
Microfilm—200e 
Tracing cloth and paper—41 


DRIVES, ELECTRICAL— 
—200e, 229, 232, 288e 


DRIVES, MECHANICAL— 


—210e 
Gear reducers—232 
Variable speed—206e, 248e, 278e 


INSTRUMENTS AND TEST 
EQUIPMENT 


Amplifiers—210 

Environmental chambers—314e 

Counters—254e, 315 

Generators, electronic—306e, 312e, 316e 

Meters—290, 323e 

Oscilloscopes—13, 306e 

Power supplies—157, 186e, 202e, 288, 300c, 
310e, 312e, 320e 

Shock and vibration equipment—214e, 308e, 
310e, 318, 325e 

Special test equipment—208e, 214e, 228, 
286, 300e, 304e, 308e, 314e, 316e, 320e, 
323e, 325e 

Stroboscopes—310e 

Tachometers—234, 325e 

Speed indicators—182 


MATERIALS, 
ELECTRICAL/ELECTRONIC 


Conductor materials (except wire)—248e 
Contact materials—172, 220e, 318 
Insulation and dielectrics—50, 184e, 240 
Casting resins—34, 204e, 227, 245, 
286, 313 
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Ceramics and glass—63, 
255, 280, 292 

Elastomers—181 

Flexible films—254e, 259 


Laminates—193, 205, 212e, 220e, 258e, 


Mica—4, 317 
Molding compounds—204e, 222e, 268¢e 
Silicones—63, 302e 
Tape—50, 222e, 237, 258e 
Tubing—167, 200e, 202e, 214e, 262e, 291 
Varnishes—204e, 246e, 253 
Magnetic materials—184e, 169 
Electrical steel—68, 206e, 266, 299 
Ferrites—184e, 188e, 256e, 260e 
Shielding materials—68, 202e, 293 
Semiconductors 
Silicon—211 
Solder and flux—320 


MATERIALS, 
MECHANICAL/STRUCTURAL 


Adhesives, 
286, 313 
Bearing materials—246e, 284e 
Flux remover—260 
Metals 
Alloys, general—202e, 225e, 328 
Aluminum—189, 19le 
Copper, brass, bronze—180, 233, 303 
Nickel and Ni-alloys—60, 186e 
Platinum—216e 
Steel—184e, 188e, 243, 305 
Tantalum—178 
Titanium—186e 
Zinc—22 
Metal forms 
Clad metals—201 
Thermostatic bimetal—316 
Tubing—264e 
Non-metallic materials 
Lubricants—204e 
Plastics compounds and resins—34, 44, 
55, 225e, 240, 273, 322 
Plastics tapes—286e 
Protective coatings 
Chemical—46 


cements, sealants, waxes—218e, 


MOTORS AND GENERATORS 


Integral-hp motors—74, 214e, 285, 
back cover 

Fractional-hp motors—15, 32, 52, 61, 74, 
163, 188, 214e, 236e, 249, 252, 264e, 
282, 285, 294e, 296e, 307, inside back 
cover 

Gearmotors—2, 29, 70, 163, 214e 

Special—15, 29, 57, 188, 197, 209, 212e, 
23le, 232, 252, 260e, 261, 288e, 306, 
317 


PRODUCTION EQUIPMENT, 
TOOLS 


Assembly machines—14 

Coil winding—236, 263, 302e 
Drills—272 

Layout fluid—313 
Pliers—244 

Terminal crimpers—37, 65 


SERVICES 

Contract manufacturing—312, 323 
Plastics fabrication—230 

Power equipment design—42 


Testing laboratories—212e 
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You can explore new areas 
at IBM in 


Creative people at IBM are hard at work on 
a problem that has vexed man since the 
dawn of history — communication with his 
fellow beings. One group of scientists and 
engineers, for instance, is working on multi- 
plexing techniques to channel data. This 
data has to be made available at desired 
times and places. Another group is develop- 
ing computer systems that will control com- 
plete warehousing or industrial operations. 
Careers in data communications are avail- 
able at IBM in these areas: circuit design & 
research, computer analysis & design, cryo- 
genics, industrial controls, inertial guidance, 
information theory, mathematics, optics, 
semi-conductor design, and solid state. 


A New World of Opportunity. A career with 
IBM offers excellent advancement opportu- 
nities and rewards. You will enjoy unusual 
professional freedom, comprehensive edu- 
cation programs, and the assistance of 
specialists of diverse disciplines. Working 
independently or as a member of a small 
team, your individual contributions are 
quickly recognized. This is a unique oppor- 
tunity for a career with a company that has 
an outstanding growth record. 


Qualifications: B.S., M.S., or Ph.D. in Elec- 
trical or Mechanical Engineering, Physics, 
or Mathematics — plus proven ability to 
assume a high degree of technical responsi- 
bility in your sphere of interest. 

For details, write, outlining background and 
interests, to: 

Mr. R. E. Rodgers, Dept. 551C 

IBM Corporation 


590 Madison Avenue 
New York 22, N. Y. 


INTERNATIONAL BUSINESS MACHINES CORPORATION 





INDEX TO ADVERTISERS 


To communicate with advertisers either write direct or use postcards furnished 
expressly for that purpose which appear on page 17. 


AEMCO Inc. 3 Dano Electric Co., The 


A'G’A Div., Elastic Stop Nut Corp. of Delco Products Div. of General Motors 
America 2 


Waterbury, Conn. 


Deluxe Coils, Inc. 
AMP Incorporated 65 


Acme-Newport Steel Co., A Sub. of 
Acme Steel Co. 299 


Acme Wire Co. 304 
Adams & Westlake 236 
Airpax Electronics Inc. 234 
Akron Porcelain Co. 292 
Allegheny Ludlum Steel Corp. 305 
Allen-Bradley Co. 187 
Allied Research Products, Inc, 46 
Aluminum Company of America 189, 190 


Deringer Metallurgical Corp. 
Detroit Coil Co. 

Detroit Stamping Co, 
Dialight Corp. 


12 Baldwin Ave. 


Dialtron Corp. 
Dixon Automatic Tool, Inc. 
Dow Chemical Co., The 


For a complete survey of your strip problems at no cost 
or obligation, write for field engineer or Confidential 
Somers Brass Company, Inc. 


Pure Nickel, Monel, Inconel and Inconel ““X" are pro- 
Data Blank. 


duced in gauges from .0001” to .020". Stainless Steel, 


Dow Corning Corp. 62, 


With the installation of one of the largest Sendzimir mills 
in the non-ferrous industry, Somers is prepared to meet 
the broadest range of dimensional specifications, since it 
is already supplying thin strip down to .0001” in narrower 


widths. 
electrolytic Copper and its alloys, such as Brass, Nickel 


Silver and Phosphor Bronze from .0001” to .010”. 


.001”, as wide as 25”. 


Driver-Harris Co. 

du Pont de Nemours & Co, (Inc.), E. L, 
Film Dept. 

Amco Engineering Co. 204 Durakool, Inc. 278, 

American Brass Co., The 28 Durez Plastics Div., Hooker Chemical 

American Chain & Cable Co., Inc. Corp. 
Page Steel and Wire Div. 270 Dykem Co., The 

American Cyanamid Co., Plastics and 
Resins Div. 273 

American Super-Temperature Wires, Inc. 198 

Amperex Electronic Corp. 264 Eagle Signal Corp., 

Amphenol-Borg Electronics Corp. 206 Industrial Timers Div. 

Anaconda Wire & Cable Co. , 224 Elastic Stop Nut Corp. of America 

Arnold Engineering Co., The 235 Electran Mfg. Co. 

Automatic Electric Sales Corp., Sub. of Electrical Industries, A Div. of Philips 
General Telephone 195 Electronics, Inc. 

Automatic Switch Co. 66, 67 Electric Specialty Co. 
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Hidden behind the quarter is a 
completely sealed 120 ring slip ring 
and brush assembly. The breakaway 
friction level, including ball bearings, 
is kept under 150 gram centimeters. 
Noise levels of under 100 microvolts 
are maintained despite temperature 

extremes of — 65°F. to +300°F. 
The capacitance is less than 

20 micro microfarads and the 

insulation resistance is greater 

than 5000 megohms circuit 

to circuit and circuit to ground. 


This assembly meets all 
requirements of MIL spec. 5400 A, 
and is currently in large scale 
elaereleladielae 


WRITE FOR FREE LITERATURI 
DRAWINGS AND SPECIFICATIONS 


SLIP RING CO. 
OF AMERICA 
Dept. EM, 5456 W. WASHINGTON BLVD. 
LOS ANGELES 16, CALIF. 


PLANT: 3612 W. Jefferson Blod., 
Los Angeles 16, Calif 
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ELECTRONIC TIME DELAY RELAYS! 
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SAVE SPACE AND WEIGHT! 
nited Transformer Corp 


sy Sub-Miniature Iniversal Electric Co. 
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Cross Section WZig’’ x 129°" 3Vaq"’ x 1%, "" 
Length 2%" long 2’ long 
Weight 6 ounces 3 ounces 
; Bulletin Bulletin 
WRITE FOR AWH TD-503 AWH TD.-504 Varflex Corp. 
Versailles Products Div., Metals & Con- 
TEST-PROVED PERFORMANCE! trols Corp. 
High Temperature: 125 C (250 F) Vickers Inc., Div. of Sperry Rand Corp., 
Vibration: 2000 CPS at 15g Electric Products Div. 


Contact arrangements up to 4 pole double throw 
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niversal Winding Co. 





Victory Engineering Corp 
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Unique transistorized R.C. time constant network Vulcan Electric Co 

Time Delays from 50 MS to 120 seconds. Longer Delays available 


Hermetically sealed housings 
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Built-in characteristics of this MASTER Unibrake Motor 
supply the logical answer to quick “stopping and holding” 
problems. MASTER designs, builds, tests and guarantees 
the Unibrake Motor as a complete hard-working unit. 


Available in polyphase, as well as single phase and d-c.— 
equally good for vertical and horizontal mounting —this 
MASTER multiple disc design Unibrake has fail-safe pro- 
tection, can be used with double-shaft extension at the 
brake end. Has external torque and wear adjustment, plus 
manual release on open Unibrakes. 


Built for horsepower ratings 1/8 to 150, MASTER offers 
a complete line from 3 to 425 foot pounds maximum 
retarding torque. Unibrakes are available in multiple as 
well as single and dual disc design. 


Product of Master Electric Division of Reliance Electric 
and Engineering Company, manufacturers of Master Gear- 
motors, Reeves Drives, Vk S Drives, A-c Motors, Super ‘T’ 


D-c Motors, generators, controls and engineered drive systems. 
B-1614 








ELECTRIC AND e 
rR E LIA ie Cc E ENGINEERING CO. 
DEPT. 273A CLEVELAND 17, OHIO 


CANADIAN DIVISION: TORONTO, ONTARIO 
Sales Offices and Distributors in Principal Cities 
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Precision 
Computing 


VISIT OUR I.R.E. HOSPITALITY SUITE 
Studio K, Barbizon-Plaza Hotel 


ACCURACY 


Highest accuracy in rotating components is a 
CPPC fundamental. Our Precision Computing 
Resolvers are no exception. Without compen- 
sation, a recent production run of resolvers 
showed functional errors of .06% or less. Per- 
pendicularity of axes was +3’ in 360°. Due to 
extreme symmetry of rotor and stator, nulls 
are excellent in these resolvers. Low phase 
shifts are also a feature. 


VERSATILITY 


CPPC Precision Computing Resolvers can be 
had with any of the following features: corrosion 
resistant construction, stainless steel or alumi- 
num housing. Units to resist temperatures uy) to 
450° F. The following compensation is avail- 











Resolvers 





able in any or all units: resistive, feedback 
winding, thermistor. Types available for tran- 
sistor circuitry. Pin or screw terminals or lead 
wires. BuOrd type shafts and BuOrd MK 4 
Mod 0 brush block obtainable. 


PRICE AND DELIVERY 


We ask you to review what you are paying for 
precision computing resolvers. In the past CPPC 
has been able to lower traditional prices of 
rotary components. 

We are already tooled for many types of these 
resolvers and can make quick delivery in 
quantity or short run. Whenever you need any 
rotary component, think of CPPC. 

Call or write Sales Department, HIIltop 9-1200 
(Suburban Philadelphia) or our Representatives. 


ENGINEERS—For a career in rotary components and computers, write David D. Brown, Personnel Director, Dept. L. 
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DEPT. L3 CLIFTON HEIGHTS, 


PENNSYLVANIA 
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